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1.0 INTRODUCTION

More than 1,500 waste sites have been identified on the Hanford Site. Most of
the waste sites are located within one of four geographic areas on the Hanford Site
that are referred to as the 100, 200, 300, and 1100 Areas. Figure 1-1 shows the
location of these areas. Each area has been placed on the National Priorities List
(NPL) under the Comprehensive Environmental Response, Compensation, and
Liability Act of 1980 (CERCLA). The four areas have been subdivided into 21 waste
area groups on the basis of type of facility and operation. For example, the 100 Area
waste groups generally are equivalent to the inactive.nuclear reactor sites. Each waste
area group is further subdivided into operable units according to waste disposal
practices, geology, hydrogeology, and other pertinent site characteristics. A total of
78 operable units have been identified. This process is continuing, and the total
number of operable units, as well as the individual waste sites within each operable
unit, are subject to change.

This work plan and the attached plans establish the objectives, procedures,
tasks, and schedule for conducting a CERCLA remedial investigation/feasibility study
(RI/FS) for the 100-KR-4 operable unit. The location of the 100-KR-4 operable unit
is presented in Figure 1-2. All ground water, surface water, river sediment, and
aquatic biota investigations for the entire 100-K Area will be carried out in accordance
with the 100-KR-4 work plan, In addition, there are three source operable units
within the 100-K Area. Source operable units include facilities that are potential
sources of radiological or hazardous substance contamination. For example, the 100-
KR-1 operable unit is considered a source operable unit because it contains a liquid
waste disposal trench, a crib, an outfall structure, and retention basins. The scope for
100-KR-1 investigations include these sources, soils (surface and vadose zone), air,
and terrestrial biota. The 100-KR-1 work plan is being prepared concurrently with
this work plan. Work plans for the other two source operable units at the 100-K Area
will be developed at a later date.

This work plan was developed in accordance with the Hanford Federal Facility
Agreement and Consent Order (Ecology et al. 1989) and the associated action plan.
All work conducted under this work plan will conform to the conditions set forth in
the agreement and consent order.

WP 1-1
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Pursuant to the consent order, relevant U.S. Environmental Protection Agency
(EPA) guidance documents were consulted in the preparation of this work plan,
including:

B Draft Guidance for Conducting Remedial Investigations and Feasibility
Studies Under CERCLA (EPA 1988a)

W Data Quality Objectives for Remedial Response Activities (EPA 1987)
B Superfund Exposure Assessment Manual (EPA 1988b)

W Risk Assessment Guidance for Superfund, Volume I, Human Health
o Evaluation Manual (EPA 1989a).

B Risk Assessment Guidance for Superfund, Volume II, Environmental
6 Evaluation Manual (EPA 1989b).

' 1.1 PURPOSE AND SCOPE OF RI/FS

In the summer of 1988, EPA proposed the 100 Areas at the U.S. Department
of Energy (DOE) Hanford Site for inclusion on the NPL (EPA 1988c). In anticipation
== of this proposal being finalized, the EPA, the Washington Department of Ecology
(Ecology), and the DOE agreed upon the division of the 100 Areas into operable units
for the purpose of increasing the manageability of the site characterization and
remediation processes (WHC 1989b). On October 4, 1989, the EPA issued its final
¢~ rule that included the placement of the 100 Areas on the NPL, effective November 3,
1989. '

The purpose of collecting data in an RI/FS is clearly stated in the EPA’s Draft
Guidance for Conducting Remedial Investigations and Feasibility Studies Under
CERCLA (1988a):

"The objective of the RI/FS process is not the unobtainable goal of removing
all uncertainty, but rather to gather information sufficient to support an
informed risk management decision regarding which remedy appears to be most
appropriate for a given site."”

The scope of the 100-KR-4 operable unit investigation includes ground water,
. surface water, river sediment, and aquatic biota. The ground water aspects of 100-

WP 1-5
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KR-4 require a broader evaluation of surface sources than just 100-KR-1. The amount
of media-specific data needed to support the remedy selection process is dependent in
part on the potential future use of the 100-K Area. This potential future use will
determine the accessibility of humans and biota to the waste and contaminated media.
Although DOE intends to maintain active institutional control of the Hanford Site in
perpetuity, an uncontrolled use scenario has been assumed for the development of the
RI data-gathering tasks.

Preliminary investigations of radiological contamination that resulted from past
practices at the 100-K Area have been conducted by Dorian and Richards (1978). The
information and findings of these studies have been used extensively in this work plan.
Although a significant amount of data is available to describe certain site conditions,
additional information is necessary to develop an acceptable understanding of the
nature and extent of potential risks and to develop a suitable range of remedial action
alternatives for the 100-KR-4 operable unit. Additional information is also necessary
to substantiate existing data that may not be complete, currently evaluated, or
validated.

1.2 PROJECT GOALS

The goals of the 100-KR-4 operable unit RI are to provide sufficient
information to evaluate future use exposures in the risk assessment, and to develop
and evaluate a range of remedial alternatives in the FS that could provide for
continued restricted use or an unrestricted future use of the 100-K Area. The 100-
KR-4 RI will be conducted in a phased manner. However, sufficient data may be
gathered in the initial phase of work so that subsequent RI work is not warranted. In
addition, the RI will be implemented concurrently with the 100-KR-1 RI program,
which will provide data that are required for the 100-KR-4 risk assessment and FS.
Source operable units 100-KR-2 and 100-KR-3 may contain sources of ground water
contamination. Therefore, the 100-KR~4 operable unit work plan will assess the need
to investigate individual sources of ground water contamination from these operable
units. The objective of this assessment is to evaluate each site as a potential candidate
for an imminent and substantial endangerment or interim response action.

WP 1-6
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The RI will include the following data-gathering goals.

m  Jdentify the contaminants (radiologic and hazardous substances) that have
been released or have potential to be released to the ground water,
surface water, river sediment, and aquatic biota. (Releases to the
unsaturated soil, air, and terrestrial biota will be addressed in the
100-KR-1 work plan.)

B Determine the nature and extent of contaminants in these media.
B Determine the distribution of contaminant concentrations in these media.

= B Determine the direction and rate of migration of radiologic and
hazardous substances in the ground water.

e m  Identify contaminant migration pathways and potential receptors.

®  Identify the potential environmental impacts and risks to human health
and the environment posed by radioactive and hazardous substances. In
particular, identify imminent threats to human health and the
environment during the initial phase of the RI.

o W Compile the information necessary to develop and evaluate remedial

o alternatives and to select preferred remedial actions.

o The goal of the 100-KR-4 operable unit FS is to evaluate potential remedial

=~ actions that encompass a range of appropriate waste management options by
developing, screening, and analyzing remedial alternatives. The ultimate goal of the
RI/FS is to allow the selection and subsequent implementation of a cost-effective
remedial action plan that ensures the protection of public health and the environment.
After public review of the RI and FS reports, DOE, EPA, and Ecology will select an
appropriate remedy and document this choice in a record of decision (ROD). This
will be followed by design, implementation, and monitoring of the chosen remedial
action.

The RI/FS process, shown in Figure 1-3, is divided into five phases: two RI
phases (operable unit characterization and treatability investigation) and three FS
phases (remedial alternatives development, screening, and analysis).

WP 1-7/(WP 1-8 blank)
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According to the action plan of the Hanford Federal Facility Agreement and
Consent Order (Ecology et al. 1989), the following primary documents will be
prepared and distributed for public review and comment: Phase II RI reports and
Phase I, II and III FS reports. The data collected during the initial RI phase provide
the information needed to develop and evaluate remedial alternatives in the FS. The
initial alternatives evaluation in the FS may, in turn, identify the need for additional
data collection during the second phase of the RI.

1.3 ORGANIZATION OF WORK PLAN

The work plan is based on a knowledge of conditions at the 100-KR-4 operable
unit that has been acquired from a review of the reference materials listed in Chapter
8.0, an area walkover of the operable unit by members of the work plan team, and
conversations with former employees at the 100 Areas. The work plan will be
modified and updated throughout the RI/FS process as additional information becomes
available. In this manner, the work plan will provide efficient and effective directions
consistent with project goals. A dynamic work plan will also serve to help document
the rationale for project decisions and conclusions and thereby provide assistance in
making subsequent remedial action decisions.

In particular, it is recognized that by the time this work plan is implemented,
valuable data presumably will be available from RI/FS and Resource Conservation and
Recovery Act of 1976 (RCRA) facility investigation/corrective measures study
(RFI/CMS) projects at other 100 and 300 Area operable units.

Eight sections, including this infroduction, are included in the work plan.
Chapter 2.0 presents the history and current understanding of the waste generation,
transfer, storage, and disposal processes and facilities within the 100-K Area that act
as potential sources of contamination to 100-KR-4 operable unit. The environmental
and physical setting of the 100-K Area and its surroundings is also summarized in
Chapter 2.0

Available data and potential contaminant exposure pathways are reviewed in
Chapter 3.0 to develop a conceptual model for the operable unit, Waste sources,
quantities, and characteristics are identified, along with the current understanding of
the extent of contamination in the various environmental media. Federal and state
standards, requirements, criteria, or limitations that may be considered as potentially
applicable or relevant and appropriate requirements (ARAR) are identified, potential
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impacts to public health and the environment are assessed, and preliminary remedial
action objectives are presented.

Chapter 4.0 summarizes what is known and, more importantly, what is not
known, about the 100-KR-4 operable unit. By comparing the data needed to conduct
an RI/FS with the data that are available now, the RI tasks can be defined.

Chapter 5.0 presents the activities necessary to conduct the two phases of the
RI (operable unit characterization and treatability investigation) and the three phases of
the FS (remedial alternatives development, screening, and analysis). Detailed
activities for the treatability investigation are not described, because such activities
will depend on the information gathered during the site characterization phase of the
RI and the results of the initial phases of the FS.

A project schedule is presented in Chapter 6.0. Modifications to the schedule
may be made as new information is obtained prior to or during project
implementation. Discussed in Chapter 7.0 is the project management organization and
responsibilities required to implement the RI/FS activities. References used to
develop the work plan are provided in Chapter 8.0.

Attachments to this work plan include support plans necessary to manage,
conduct, and control the RI/FS project. The attached plans are:

B Attachment 1: Sampling and Analysis Plan (SAP) comprising
Part 1: Field Sampling Plan (FSP) and
Part 2: Quality Assurance Project Plan (QAPP)

®  Attachment 2: Health and Safety Plan (HSP)

m  Attachment 3: Project Management Plan (PMP)
®  Attachment 4: Data Management Plan (DMP)
m  Attachment 5: Community Relations Plan (CRP).

Each of the plans is meant to be used in conjunction with the work plan and the
other plans, thus minimizing duplication of information and description.
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1.4 QUALITY ASSURANCE

The 100-KR-4 work plan and its attachments have been developed to meet
specific EPA guidelines for format and structure, within the overall QA program
structure mandated by U.S. Department of Energy-Richland Operations Office (DOE-
RL) for all activities at the Hanford Site. The hierarchy of QA program documents
applicable to this project follows:

DOE-RL Order 5700.1A, Quality Assurance (DOE-RL 1983): This
directive establishes broadly applicable QA program requirements, based
on American National Standards Institute/American Society of
Mechanical Engineers (ANSI/ASME) NQA-1, Quality Assurance
Program Requirements for Nuclear Facilities (ANSI/ASME 1986), for
all projects conducted on the Hanford Site.

Westinghouse Hanford Company Quality Assurance Manual,
WHC-CM-4-2 (WHC 1989¢c). This document describes the program and
procedures to be used to implement DOE-RL Order 5700.1A for all
activities conducted by Westinghouse Hanford on the Hanford Site.

Westinghouse Hanford QA program plan for CERCLA RI/FS activities:
This plan describes the means selected to implement WHC-CM-4-2 for
CERCLA RI/FS environmental investigations, while accommodating the
specific requirements for work plan format and content agreed on in the
Hanford Federal Facility Agreement and Consent Order (Ecology et al.
1989). The guidance contains a complete matrix of procedural resources
[from WHC-CM-4-2 (WHC 1989b), and from other sources] that may
be drawn on to support lower-tier operable unit-specific project plans.

100-KR-4 QAPP: Included as Part 2 of the 100-KR-4 SAP, the QAPP
supports the FSP. The QAPP defines the specific means that will be

- used to ensure that the sampling and analytical data obtained as part of

the Phase 1 RI will be defensible and will effectively support the
purposes of the investigation. As required for CERCLA RI/FS
activities, the structure and content of the QAPP is based on Inzerim
Guidelines and Specifications for Preparing Quality Assurance Project
Plans (EPA 1983). Where required, the QAPP invokes appropriate
procedural controls from WHC-CM-7-7 (WHC 1989c) for CERCLA
RI/FS activities or developed to accommodate the unique needs of this
investigation.,
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2.0 OPERABLE UNIT BACKGROUND SETTING

This section presents a summary of the pertinent physical and historical setting
for the 100-KR-4 operable unit.

2.1 OPERABLE UNIT SITE DESCRIPTION

2.1.1 Location

The Hanford Site is located in south central Washington state. The 100-K Area
is located in the north central part of the Hanford Site, within Benton County,
Washington, and is situated along the southern shoreline of the Columbia River
(Figure 1-1). The area lies approximately 25 mi (40 km) northwest of the city of
Richland, Washington. The 100-KR-4 operable unit encompasses all of the 100-K
Area and vicinity, including portions of the Columbia River between River Miles 380
and 382 (Figure 2-1).

The operable unit covers an area of approximately 1.2 mi® (3.1 km?) and is
located within Sections 5 and 6 of Township 13 N, Range 26 E and Sections 31 and
32 of Township 14 N, Range 26 E and lies between Hanford grid south/north
coordinates N36700 and N73500 and west/east coordinates W71700 and W63700,
respectively. However, the 100-K. Area was laid out on its own grid system, known
as 100-K Area grid, which is rotated 27°09°59" counterclockwise from Hanford (true)
north to the 100-K Area north. This system can be translated and rotated from the
general Hanford grid using a coordinate transform equation.! The coordinate
boundaries for the 100-K Area are approximately south/north coordinates N* 2,900
and N¥ 10,400 and east/west coordinates W* (-)1,900 'and WX 7,600, respectively.

! N¥ = 0.8897 N¥ + (.4566WH - 94,331
WX = -0.4566N" + 0.8897W*" - 20,884

Where: N¥ = North, K-Area coordinates
W = West, K-Area coordinates
N" = North, Hanford coordinates
WH = West, Hanford coordinates
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Figure 2—1. Location Map of the 100—KR—4 Operable Unit.
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2.1.2 History of Operations

Between 1943 and 1963, nine water-cooled, graphite-moderated plutonium
production reactors were built along the Columbia River upstream from the now
abandoned town of Hanford. Eight of these reactors (B, C, D, DR, F, H, KE, and
KW) have been retired from service and are under evaluation for decommissioning.
The ninth reactor (N reactor) in the 100-N Area is currently on cold standby.

The KW and the KE reactors and support facilities were constructed between
1952 and 1954. The KW reactor operated from 1955 through 1970 at which time it
was retired from service. The KE reactor operated from 1955 until 1971 and was
then retired from service. Although a few ancillary structures were shared by the
reactor facilities, in general the major support operations were duplicated. Table 2-1
summarizes the history of 100-K Area operations.

Currently, there are several active facilities within the 100-K Area. They
include the 105-KE and 105-KW fuel storage basins used to store spent fuel from the
N reactor; the alum tanks adjacent to building 183.1-KE; research and development
performed in 1706-KE; buildings used for site management; one pumphouse; one
water treatment facility; and septic tanks and leach fields used for disposal of sanitary
waste.

To minimize the potential spread of radioactive isotopes from the reactors and
associated facilities, a plan for decontamination and deactivation of the reactors was
implemented after reactor operations ceased. Deactivation generally consisted of
removing equipment, electrical hardware, piping, and other items from the buildings
and flushing and/or wiping pipes and equipment with decontamination agents.

2.1.3 Facility Identification

The facilities within the 100-K Area as they existed during active operations are
shown in Figure 2-2 and listed in Table 2-2. The majority of the buildings remain
standing. Buildings demolished and/or removed are noted in Table 2-2. The table
includes the original facility identification number, facility name, years in service,
purpose, and description where known.
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Date
1954
1955-1970
1955-1971

1970-1971

1973-1974

1974

1974-

mid-1976

1975

1975-1977

1980

1687-1988

1989
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Table 2-1. History of 100-K Area Operation.
Event
Construction completed on 105-KW and 105-KE reactors
105-KW reactor in operation to produce plutoninm
105-KE reactor in operation to produce plutonium

Reactors shut down, systems deactivated and decontaminated. A major
part of deactivation was removal of the fuel

105-KE and 105-KW reactor basins cleaned and equipment modified to
store N reactor irradiated fuel storage

105-KE basin leak detected

105-KE and 105-KW basin cooling systems modified to closed
system cooling

N reactor irradiated fuel storage begins in 105-KE and 105-KW reactor
basins

Study performed to establish radionuclide levels in 100-K Area vadose
(Dorian and Richards 1978)

105-KE basin leak isolated and repaired

Preliminary assessment/site investigation completed; 100 Areas
nominated to National Priorities List (NPL)

Shipments of N reactor irradiated fuel cease
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Table 2-2. Facilities Within the 100-K-Area (AEC-GE, 1964).

V LIAVIA
12-06-T4/40d

Page 1 of 6
Facility Years in
designation Name service Facility purposes Faeility description
100-KR-1
OFERABLE
UNIT
181-KE River pump- 1955~Present | Pump river water to Reinforced—-concrete intake structure
house water treatment plant
181-KW River pump- 1955-1970 Pump river water to Reinforced-concrete intake structure
house water treatment plant
1908-K Outfall 1955-Present | Control effluent Reinforced-concrete structure; two
structure discharge from 107-KE & steel inlet pipes, two 84-in. steel
107-KW retention basinsg effluent pipes, overflow channel
1904-K Radioiodine 1955-1971 Monitor radiocactivity of { Unknown
Monitor effluent
Building
107-KE Retention 1955-1971 Provide retention of Three 250~ft-diameter, 9,000,000-gal,
basins reactor cooling water welded carbon steel tanks, mounted on
prior to discharge into a reinforced-concrete foundation
river
107-KW Retention 1955-1970 Provide retention of Three 250-ft-diameter, 9,000,000-gal,
basins reactor cooling water welded carbon steel tanks, mounted on
prior to discharge into a reinforeced-concrete foundation
river
lle~K~2 Effluent 1955-1971 Percolation of 4,000 x 50~ft, gravel-lined
trench radicactive reactor percolation trench including four
cooling effluent overflow areas
116~K-1 Effiuent 1955 Percolation of 200 x 200 x 20-ft percolation crib
erib radioactive reactor

cooling effluent
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Table 2-2.

Facilities Within the 100-K-Area (AEC-GE, 1964).

Page 2 of &
Pacility Years in
designation Name service Facility purposes Facility description
100-KR-2
OPERAEBLE
UNIT
105-KE /KW Reactor KE 4/55-1/71 | Provide housing for KE- Reinforced-concrete and steel multi-
buildings KW 1/55-2/70 | reactors and ancillary story structure; houses reactor,
facilities control room, offices, lunch room,
spent fuel storage, ventilation
systems
115-KE/KW Gas 1955-1971 Houses gas circulating Single-story reinforced-concrete
recircula- Demolished pumps and associated structure; tunnel connects to 105
tion in 1988 equipment and reactor reactor building; considered a major
building gas coolant system contaminated structure
110-KE/EW Gas storage 1955-1971 Gas storage for 115-KE Reinforced-concrete
appurtenant and 115-KW building
to 115-KE/KW
building
116~KE/KW Reactor 1955-1971 Discharged reactor Reinforced monolithie concrete, 30 x
exhaust Top 125 ft. building exhaust air 22~ft-diameter at base; top 125-ft
stacks Decontami- dismantled, rubble was placed in
ated in remaining base of stacks
1982,
partially
dismantied
in 1988
117~KE /KW Exhaust air 1955-1971 Filter ventilation air Reinforced-concrete building built
filter Demolished from reactor buildings; mostly underground, 59 ft X 39 ft X 35
building 1988 houses air filters and ft high; connected by tunnels to 105
airflow control system reactor building and 116 exhaust
gtack; structure demclished and buried
in-situ in 1988
100-X Burizl | 100-K Area 1954-1973 Burial of solid waste 1,200 x 600 ft 100-K Area bhurial

ground

waste burial
ground

from the 100-K Area

ground; contains numerous trenches and
pits; surface routinely treated with
herbicide, contains large radionuclide

inventory

V LAYVad
17-06-T3/30d
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Table 2-2. Facilities Within the 100-K-Area (AEC-GE, 1%64).
Page 3 of 6
Facility Years in
designation Name service Facility purposes Facility description
151-KE/KW Electrical 1955~Pregsent | Provide power Approximately 3 acres of land
substation distribution containing transformers and switch
area gear
165-KE /KW Power 1955-present | Houses powerhouse, Single~story concrete structure; the
control control room, valve pit building consists of the pump room and
buildings and electrical switch valve pit, electrical area, oil-fired
gear for water supply steam plant and control room; tunnel
building from 183 water filter plant to 105
reactor building; the 165-KE oil
boiler provides heat for the remaining
facilities in the 100-K Area
166-KE /KW Fuel oil 1955-1971 Storage and pump Underground 1,650,000-gal fuel oil
storage and facilities for fuel oil storage bunkers
pumps for the oil-fired steam
appurtenant plant in the 165-KE/KW
to 165~KE/KW buildings
building
167-K Cross-tie 1955~Pregent | To provide ventilation A vent constructed of wood, steel and
tunnel vent between 190 XE and 190 concrete
KW
182-K Emergency 1955-1971 Provides emergency Steel~framed structure with concrete
water pump pumping capacity from foundation and transite walls; two
building the clearwells to the 17,500-gal fuel tanks are appurtenant
105-reactors; houses to this structure
three diesel engine
driven pumps, air
compressors, fuel tanks,
batteries and charging
equipment
190-KE /KW Main pump~ KE 1955~ Provides primary coolant | Single-story building with concrete
houses present for the 105 reactors; basement and floors, steel frame and
KW 1955-1971 | houses process and transite walls; 190-KW, deactivated in
service water pumps, 1971; 190-KE, presently used to supply
powerhouse, electrical water to the fuel storage basins, fire
substation, wvalve pit protection and domestic water needs
and control rcoom
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Table 2-2. Facilities Within the 100-K-Area (REC~GE, 1964).
Page 4 of 6
Facility Years in
designation Name service Facility purposes Facility description
1608-KE /KW Wastewater KE 1955-1971 | Collection supply and Concrete or steel
pumphouses KW 1955-1970 | pump station for
potential contaminated
liquids from the 105
reactor buildings;
pumped effluent to the
reactor effluent lines
1702-KE/XW 105-Area 1955~1980's Security and personnel Single-story, concrete and steel frame
badge houses dosimetry with transite walls
1704-K Administra~ 1954-present | Provides coffice space Single-story, concrete and steel frame
tive and first aid center with transite siding
building
1706~KE Testing 1955-present | Provides out-of-reactor Single-story, concrete and steel frame
facilities facilities in support of | with transite siding; full basement;
in reactor testloops and | provides water treatment facilities
single pass tubes and instrumentation for eight reactor
tubes used to study corrosion and
effects of water treatment on effluent
1706-KER Testing 1955-present | Provides out-of-reactor Single-story, concrete and steel frame
facilities facilities in support of | with transite wzlls shielded cells
in reactor testloops and | below grade
single pass tubes
1706-KEL Laboratory 1955-pregsent | Lab for 1706~KE and Single-story concrete and steel frame
1706-KER testing
facilities
1713-KE Shop 1954-1980s Storage Sheet metal with concrete floor

building
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12-06-TL/ 204



I1-2 dM

A a -

(‘i
v

Facilities Within the 100-K-Area (AEC-~GE, 1964).

Table 2-2.
Page 5 of 6
Facility Years in
designation Name service Facility purposes Facility description
1713-KER Warehouse 1950s-1970s Storage Sheetmetal with concrete floor
1713~-KW Warehouse 1950s-1970s Storage Sheetmetal with concrete floor
1717-K Maintenance 1954-pregent | Maintenance sheops and Single-story, concrete and steel frame
shops light equipment with transite siding; used for
maintenance carpenter, millwright, welding, paint
and automotive service station
150-KE /KW Heat KE 1955-1971 | Heat recovery from Unknown
recovery KW 1955-1970 | cooling water effluent
facilities
100-KR-3
OPERABLE
UNIT
1701-K Area badge 1954~1980sa Security and personnel Single-story, concrete and steel
house dosimetry frame, structure with transite walls;
adjoins 1720-K building
1720-K Area 1954-Present | Headquarters for Single-story, concrete and steel frame
headguarters | security patrol, mail construction with transite siding;
operations adjoins 1701-K building
183 KE/KW Water KE: 1955- Process water and See 183.1, 183.2, 183.3, 183.4 and
Facilities treatment Present domestic water treatment | 183.5 structures described below
facility KW: 1955-
1970s
183.1 KE/KW Headhouse 1950s-1970s Contains a lab sample Single-story, concrete and steel frame
and chlorine room, chlorinator room, structure with transite sgiding
building switchgear room and
operational area housing
chemical feed equipment,
storage tanks, water
softeners and pumps
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Table 2-2. Facilities Within the 100-K-Area (REC-GE, 1964).
Page 6 of 6

Facility Years in

designation Name service Facility purposes Facility description

183.2 KE/KW Flocculation | 1950s8-1970s Water treatment Open~-air concrete basins, with mixing

and chambers, agitators, flumes; each
sedimenta- facility (KE/KW) covers about 288,000
tion £t?

183.3 KE/KW Filter basin | 19508-1970s Water filtration Concrete basin containing a granular
media filter with about 65,000 ft? of
gurface area; gravity flow through
filter

183.4 KE/KW Clearwells 1950s-1970s Treated water storage Concrete basin used to store treated

: water; two clearwells of 9,000,000-gal
capacity are used at each 105 reactor

183.5 KE/KW Lime houses 1950s Lime storage, and Transite and steel

feeding lime to filtered
water in clearwells

183.6 KE/KW Feeder 1950s-1970s These facilities were Concrete and steel

buildings cross tie buildings ’

between the KE and KW
areas
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Two primary numbering systems have been used in the 100-K Area. Under the
original Hanford numbering system, facilitics were given a unique number (e.g., 105-
KE for the KE Reactor and 105-KW for the KW Reactor). Most waste units were not
assigned a unique number, but were instead referred to by the number of the nearby
facility (e.g., 105-KE percolation French drain). The Waste Information Data System
(WIDS) was initiated in 1980 as an organized waste site identification system. The
waste sites and some facilities were assigned waste site designation numbers (e.g.,
116-KE-3 for the 105-KE percolation French drain) by WIDS.

2.1.4 Waste-Generating Processes
Wastes produced in the 100-K Area have been generated from the operation of

the reactors and the support facilities. Waste streams potentially impacting the 100-
KR-4 operable unit are summarized below (Stenner et al. 1988):

™ Reactor process liquid wastes and cooling water effluent

B Miscellaneous radioactive liquid wastes

®  Radioactive sludge/radioactive solid waste

®m  Sanitary liquid waste disposal

®  Nonradioactive liquid waste disposal

N Nomadioactive solid waste disposal

®  Herbicides to control vegetation.

2.1.4.1 Reactor Cooling Water System. The major component of liquid radioactive
wastes generated in the 100-K. Area resulted from the reactor cooling water circuits.

Reactor cooling water was pumped from the Columbia River. The water was
treated and circulated in a single pass through each reactor. The cooling water exiting
the reactor contained activation products from the reactor and also chemicals added
during the water treatment process. Once through the reactor building, cooling water -
passed through a retention basin system and was then discharged to the river. At
times, ruptured fuel elements contaminated the cooling water which was then diverted
to the 116-K-2 trench (Dorian and Richards 1978). The cooling water circuit for the
100-K Area reactors is shown in Figure 2-3. The KE reactor cooling water system is
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described more fully in the following paragraphs. The KW reactor cooling water
system is similar. Columbia River water from the 181-KE river pumphouse was
pumped to the water treatment facility in the 183-KE complex. At the 183-KE
complex, the river water was treated with chemical additives to remove suspended
matter and retard corrosion. These additives included alum and polyelectrolytes to
enhance the removal of suspended solids by flocculation and filtration respectively;
sulfuric acid to control pH; and chlorine to control algae growth in the settling basins.
The alum was produced by mixing sulfuric acid and bauxite. Commercially produced
alum was stored southwest of the 183.1-KE treatment buildings as a backup.
Concentrated sulfuric acid and bauxite were stored in steel tanks just outside the
buildings. The chemical additives were introduced as the water passed down a flume
into a mixing chamber (183.2-KE). From the chamber, the water traveled to a basin
equipped with paddlewheel flocculators. After passing through the flocculators, the
cooling water for the reactor then passed to one of six settling basins. Lime could be
added at this point to adjust the pH of the system.

The water was then filtered through one of 12 rapid sand filters (183.3-KE).
The filters were backwashed periodically, and backwash water from the filters was
discharged to a process sewer. Before the advent of the National Pollutant Discharge
Elimination System (NPDES) permit program, backwash water may have been
discharged directly to the river, as indicated in the 1963 Hazards Summary Report,
(GE 1964; Figure III-1). Water exiting from the filters was piped to two subsurface
9,000,000 gal (3.4 x 107 L) clearwells (183.4-KE) for each reactor. Sodium
dichromate was added to the clearwell discharge prior to the coolant pump to inhibit
corrosion of reactor piping.

The coolant pumps delivered the water to a distribution header in the 165-KE
building, then to the reactor. Water that entered the reactor contained alum, chlorine,
sodium dichromate, and residual impurities naturally present in river water that were
not removed during treatment. :

There were several flow paths through each reactor, the primary one being
through the inside of 3,220 individual process tubes. A second pathway went through
cooling pipes located in the thermal and biological shields. Other less voluminous
flow paths through the reactors included circulation through the foundation and the
horizontal control rods (20 per reactor) that penetrated the reactor core. The cooling
water from all flow pathways was recombined before leaving the reactor building.
Reportedly, cooling water flow through the reactor was about 200,000 gal/min
(12,600 L/s).
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Due to the thermal energy transfer from the reactor core, cooling water exited
the reactor at a near-boiling temperature. The water was passed through riser pipes
on each side of the rear of the reactor, then to a crossover pipe located above the
reactor, and finally to a "downcomer." The water entering the downcomer cascaded
downward through 30 rectangular flow channels, resulting in partial cooling. The
water was discharged from the reactor building through cooling water effluent lines to
the three 107-KE retention basins.

The 107-KE retention basins are three 9,000,000-gal (3.4 x 10°-L), steel, open-
air tanks used to cool the water and to let short-lived radioisotopes decay prior to
release to the river. The basins originally operated on a cycle system whereby one
basin would be filling with effluent, a second basin would be holding the effluent for
cooling and short-lived radionuclide decay, and the third basin would be draining to
either the river outfall or to the 116-K-1 crib for soil column percolation (in case of a
fuel cladding failure). The cycling practice, however, was abandoned shortly after
105-KE reactor startup when this method of operation caused an outfall line to float
and break. The outfall lines were anchored and the basin cycling system was then
changed to send the coolant effluent to two basins in parallel. The third basin was
usually empty and ready to receive fuel cladding failure effluent. Average retention
time in the basins was approximately 1.5 h according to the 1963 Hazards Summary
Report (GE 1964).

Under normal operations, water from the retention basins was discharged through
the 1908-K outfall structure to two 84-in. (213-cm) steel pipes discharging at the
center bottom of the Columbia River. In the event that the discharge pipes became
inoperable, the overflow from the outfall structure discharged directly to the shore of
the river through a concrete-lined emergency spillway. The emergency spillway was
seldom used. During the years of reactor operation, there were frequent ruptures of
the fuel cladding while fuel elements were in the process tubes. When this occurred,
the cooling water effluent became significantly contaminated and was diverted to the
116-K-2 trench.

2.1.4.2 Reactor Process Liquid Wastes and Cooling Water Effluent. The cooling
water became irradiated while in the reactor by three mechanisms:

m  The high neutron flux in the reactor activated elements in the cooling
water and created radioisotopes such as *'Ca, 3'Cr, and ®Zn. Most of
those radioisotopes are relatively short-lived and have since decayed to
negligible levels except for #'Ca.

WP 2-18




DOE/RL-90-21
DRAFT A

®  Activation products from the piping, other reactor components, and fuel
cladding were picked up by the cooling water. Significant radicisotopes
included *H, “C, ®Co, ®Ni, **Eu, **Eu and '*Eu.

®  Fuel element fission products such as ®Sr and *'Cs and transuranics
such as 2%2Py were introduced into the cooling water during fuel-
cladding failures. Concentrations of radionuclides in the reactor cooling
water were low during normal operations.

The contaminated effluent containing debris from a fuel cladding failure was
diverted to a 4,100-ft (1,250-m) long trench, 116-K-2, which replaced the 116-K-1
crib in 1955. The 116-K-1 crib was reportedly used only once since it failed to
percolate.

Discharges in addition to the contaminated effluent discharged into the 116-K-2
trench included retention basin leaks, which released cooling water to the area in and
around the basins, lines, and flood plain at a rate as high as 10,000 to 20,000 gal/min
(63 to 126 L/s). During reactor operations, evidence of water pooling on the ground
adjacent to the retention basins was frequently noted (Dorian and Richards 1978).
Effluent water in the basins also leaked through the valves into the lines which drained
to the trench, causing the trench to fill and sometimes overflow.

2.1.4.3 Miscellaneous Radioactive Liquid Wastes. There were several sources of
radioactive liquid waste in addition to the reactor cooling water system. These
miscellaneous wastes were disposed to small cribs and drains as well as to the 116-K-2
trench by the reactor cooling water effluent piping. Examples of miscellaneous liquid
radioactive wastes disposed to the ground include:

®m  Radioactive wastes generated by research and development activities
(reactor loop studies) in the 1706-KE and 1706-KER buildings and
disposed to the 116-KE-2 trench

R Condensate and other waste from the 115-K reactor gas purification
buildings disposed to small volume cribs (116-KE-1 and 116-KW-1)

®  An unknown volume of liquid that drained from the 105-KW and

105-KE basin floors into the 116-KW-2 and 116-KE-3 French drains,
respectively.
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Although undocumented, leakage may have occurred in several large
underground oil storage tanks in 100-KR-2 and 100-KR-3 operable units since the
100-K Area was serviced exclusively by oil-fired power plants.

The 100-KR-2 operable unit also was the site for two ethylene glycol heat
recovery systems (150-KE and 150-KW). There was one reported leak in these piping
systems, at the junction box next to the 150-KE parking lot.

Miscellaneous radioactive liquid wastes combined with reactor cooling water
effluent include:

m  Water from the hot water system, circulated through process tubes
during reactor downtimes

®  Cooling water system cleaning waste, consisting of a diatomaceous earth
slurry used to scour the corrosive film from the reactor piping and tubes.

During reactor operation and shutdowns, large quantities of decontamination
solutions were used routinely to remove radionuclides from facility equipment and
surfaces. Known decontamination solutions included chromic, citric, oxalic, nitric and
sulfamic acids, and fluoride. Reportedly other chemicals, including organic solvents,
were also pumped through the cooling water effluent system. The majority of these
decontaminant solutions were disposed to the 116-K-2 trench.

2.1.4.4 Radioactive Sludge/Radioactive Solid Waste. Large volumes of radioactive
sludge were generated during reactor operations and accumulated in the cooling water
effluent system pipes, in the 105-K fuel storage basins, in the 107-K retention basins,
and in water traps located in the 115-K gas treatment facilities. The 118-K-2 burial
ground immediately to the east of the 107-KE retention basins was used to dispose of
sludge removed from the 107-K retention basins.

Sludges generally consisted of fine particulate matter which originated from
dissolved and suspended solids in the river water, pipe slag, dust, failed fuel elements,
and other undefined solids. The sludge was contaminated with radionuclides and
various chemicals.

Radioactive solid wastes generated in the 100-K Area generally consisted of
reactor components, contaminated equipment and tools, and miscellancous
contaminated items such as paper, rags, structural concrete, etc. Reactor operations
generated aluminum spacers, lead-cadmium, boron-carbide reactor poison pieces, .
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boron splines, graphite, process tubes, and lead, gunbarrels, thimbles, control rods,
nozzles, pigtails, and cadmium sheets.

Support facilities associated with the 100-K Area reactors generated additional
radioactive solid wastes, such as air filters in the 115-K gas recirculation and 117-K
exhaust air filter buildings, equipment used in connection with the cooling water
effluent system, and contaminated sludge and dirt removed from effluent lines and
valve pits. The primary burial ground (118-K-1) for 100-K Area solid wastes is in the
100-KR-2 operable unit.

2.1.4.5 Sanitary Liquid Waste Disposal. Sanitary liquid waste was disposed to
septic tank systems associated with structures in the 100-K Area. There were no
known septic tank leaks within the 100-K Area, or documentation of the effects of
septic tank effluent on 100-K Area ground water; however, the fact that the tanks have
flowed to drainfields would indicate a potential source of nonradioactive contamination
in the ground water.

2.1.4.6 Nonradioactive Liquid Waste Disposal. Documentation of nonradioactive
liquid waste disposal has focused on the chemicals associated with the water treatment
facilities. In particular, sulfuric acid sludge from the four sulfuric acid storage tanks
at each treatment facility was drained to French drains, percolation wells and
percolation trenches located adjacent to the 183.1-K treatment buildings.

In 1971, about 12,000 1b (5,443 kg) of the sulfuric acid sludge were removed
from the site. There are no known records of prior sulfuric acid sludge removals.
Analysis indicated that about 14% of the sludge weight was composed of mercury as a
byproduct of sulfuric acid production. There may be a significant amount of mercury
remaining in the sulfuric acid sludge disposal facilities.

The “crib filter" between the two sets of 107-K basins was used to dispose of
nonradioactive process (demineralizer) and research and development waste from the
1706-KE building.

2.1.4.7 Nonradioactive Solid Waste Disposal.. There is little documentation of the
disposal of nonradioactive solid wastes. Burnable wastes were generally incinerated at
the 100-K Area burn pit located east of the 183-KE water treatment plant. Large
volumes of both construction and demolition wastes were disposed at this site.

2.1.4.8 Herbicide Use. During a 1990 site visit to the 100-K Area, it was reported
that herbicides had been used to control vegetation growth. According to past
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employees, herbicides were not used much during operating years because problem
areas were remediated by scraping and adding topsoil. In the 1970s, herbicides and
ground sterilants were used for both ground and aerial applications.

2.1.5 Decontamination and Deactivation

Although the area continues to be used, some of the 100-K Area facilities have
undergone initial stages of decontamination and deactivation. The success of past
decontamination and deactivation efforts using current standards and future
contaminant potential has not been addressed in this work plan. However, such an
evaluation will be part of the RI and may, in the future, become an integral part of the
RI/FS process.

After reactor shutdown in the early 1970s, efforts were undertaken to control
airborne radioactivity and to protect wildlife and plants from contacting contaminants.

Examples of these efforts included

®  Covering bottom and sides of the northeast end of 116-K-2 to prevent
access by wildlife

®  Installing a 2-in. (5-cm) water line to supply water to the southwest end
of 116-K-2 trench. The water supply was designed to keep the trench
covered with water to prevent airborne transport of radionuclides

m  Backfilling 116-K-2 trench to grade

®  Patching observable leaks in 107-K retention basins

M Installing various devices (whistles, vibrators, screens) in and near the
107-K basins to minimize attractive nuisance problems with wildlife

B Decontaminating 107-K retention basin walls and covering the floors
with 2 ft (0.6 m) of dirt

B Covering of the bottom and sides of the 116-K-1 crib with dirt.
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2.1.6 Interactions with Other Operable Units

As shown in Figure 1-2, the majority of the 100-KR-4 operable unit lies below
the 100-KR-1, 100-KR-2 and 100-KR-3 operable units. In general, the waste sites and
structures in 100-KR-1 are outside the actual operating facilities; 100-KR-2 contains
reactor and reactor support facilities; and 100-KR-3 contains the water treatment
activities. It should be noted that, due to the length of the 116-K-2 crib and resultant
impact to ground and surface water, the 100-KR-4 operable unit extends more than
1 mi (1.6 km) downriver from the reactors.

The RI/FS activities are for 100-KR-1 and 100-KR-4 operable units. Where
possible, activities will be coordinated to increase efficiency and cost effectiveness.
Major RI/FS activities for the 100-KR-2 and 100-KR-3 units will be implemented later
according to the Hanford Federal Facility Agreement and Consent Order (Ecology et
al. 1989). Information gained from the 100-KR-4 RI/FS work will benefit activities in
adjacent units. '

Although the work plans for 100-KR-2 and 100-KR-3 are not included at this
time, it is important to note that all potential and significant sources of contamination
are evaluated in the 100-KR-4 work plan, regardless of location. Significant sources
were deemed to be those that rated high in Stenner et al. 1988 and EPA 1986.

2.1.7 RCRA Site Interactions

According to Appendix B of the action plan of the agreement, the 100-K Area
has a facility (1706-KE) that treats RCRA waste in a waste accumulation tank, an ion
exchange column, a solidification unit (evaporator) and condensate tank (Ecology et
al. 1989). However, according to Appendix C of the action plan, none of the listed
past-practice waste disposal units at the 100-K Area have been assigned corrective
action authority under RCRA, but they have been designated CERCLA past practice
units.

2.2 PHYSICAL SETTING
2.2.1 Topography

The 100-KR-4 operable unit is located southwest of the Columbia River under a
gently sloping bench. This reach of the river is within the structural and topographic
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feature known as the Pasco Basin, The reactor unit is 500 to 1,000 ft (150 to 300 m)
from the Columbia River. Ground elevation at the site varies from 400 to 500 ft (120
to 150 m) above mean sea level.

The land surface slope averages 100 ft/mi (49 m/km) toward the northwest to
the boundary of the 100-KR-1 operable unit. Just north of the 107-K retention basins
the slope steepens with a drop in the land surface of about 40 ft (12 m), to a river
terrace that lies 10 to 15 ft (3 to 5 m) above the typical water level of the river. In
this area, the average water surface elevation of the river is about 395 ft (120 m)
above mean sea level (USGS 1986a). Topography of the 100-K Area and vicinity is
shown in Plate 1.

2.2.2 Geology

This section discusses regional and site geology. The regional discussion
covers the general geology of the Pasco Basin and Hanford Site. Site geology covers
the 100-K Area and its immediate vicinity.

2.2.2.1 Regional Geology. The geology of the Pasco Basin has been studied
extensively in recent years, primarily for the Basalt Waste Isolation Project and other
facility siting studies (e.g., Litkala et al. 1988). A summary of this existing work
pertinent to the region of the 100 Areas is presented.

2,2,2,1.1 Stratigraphy of the Hanford Site. The Hanford Site lies in the
Columbia Plateau, which is a broad plain formed by the Miocene Columbia River
Basalt Group between the Cascade Mountains to the west and the Rocky Mountains to
the east, In the central and western parts, the basalt is underlain predominantly by
Tertiary continental sedimentary rocks and overlain by late Tertiary and Quaternary
fluvial and glaciofluvial deposits. A generalized geologic cross section of the Hanford
Site is shown in Figure 2-4. The principal geologic units beneath the Hanford Site
are, in ascending order: the Columbia River Basalt Group with interbeds of the
Ellensburg Formation; the Ringold Formation; and the Hanford formation. In some
portions of the Hanford Site, a Plio-Pleistocene unit occurs between the Ringold and

Hanford formations, but this unit is apparently absent north of the Gable Butte/Gable

Mountain structure. Locally, Pleistocene/Holocene alluvium, colluvium, and eolian
deposits veneer the surface. A summary of the stratigraphic units present in the Pasco
Basin is shown in Figure 2-5.
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2.2.2.1.2 Columbia River Basalt Group. The tholeiitic flood basalts of the
Columbia River Basalt Group form the bedrock of the Pasco Basin. This thick
sequence of basalt was formed between 6 and 17 million years before present when
large flows of lava erupted from fissures in the southeastern portion of the Columbia
Plateau. The Columbia River Basalt Group is subdivided into five formations
(Ledgerwood et al. 1978; Swanson et al. 1979) and consists of more than 42,000 mi?
(174,000 km®) of basalt covering more than 64,000 mi® (166,000 km?) (Tolan et al.
1987). Beneath the Pasco Basin, this basalt sequence may be as much as 14,000 ft
(4,267 m) thick. Flows of the Columbia River Basalt Group are interbedded with and
overlain by Miocene-Pliocene epiclastic and volcaniclastic sediments of the Ellensburg
formation (Swanson et al. 1979).

2.2.2.1.3 Ringold Formation. Following cessation of the Columbia River
Basalt volcanism, sediments of the Ringold Formation accumulated in the Pasco Basin.
The sediments were deposited between 8.5 and 3.7 million years before present in a
fluvial/flood plain environment (Myers et al. 1979) to reach a thickness of more than
1,200 ft (366 m). The Ringold Formation overlies the Columbia River Basalt
throughout most of the Hanford Site.

Within the Pasco Basin, the Ringold Formation has been classified into three
stratigraphic section types (Tallman et al. 1981). The distribution of these section
types is shown in Figure 2-6 and their descriptions summarized on Figure 2-7.
Section Type I, located throughout the central Pasco Basin, is subdivided into four
textural units: (1) sand and gravel of the basal Ringold unit; (2) clay, silt, and fine
sand with minor gravel lenses of the lower Ringold unit; (3) occasionally cemented
sand and gravel of the middle Ringold unit; and (4) silt and fine sand of the upper
Ringold unit (Tallman et al. 1981). The section Type I is not thought to be present
beneath the 100-K Area. Section Type II consists of predominantly silt, sand, and
clay with minor gravel lenses, and is found north and east of Gable Mountain.
Section Type III is composed of talus, slope wash, and sidestream deposits that are
along the flanks of anticlinal ridges and interfinger with the central basin deposits.

2.2.2.1.4 Hanford Formation. The Hanford formation (an informal geologic
unit} lies unconformably on the eroded surface of the Ringold Formation, and locally,
the basalt bedrock. The Hanford formation consists of cataclysmic flood sediments
that were deposited when ice dams in western Montana and Idaho were breached, and
massive volumes of water spilled abruptly across eastern and central Washington. The
floods scoured the land surface, locally eroding the Ringold Formation, upper basalt
flows, and interbeds. Thick sequences of sediments were deposited by several
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episodes of Pleistocene flooding, with the last major flood sequence dated about
12,000 years before present (Fecht et al. 1985).

Cataclysmic flood deposits have locally been divided into two main facies,
termed the "Pasco Gravels" facies and the "Touchet Beds" facies. The Pasco Gravels
facies are composed of poorly sorted gravels and coarse sand indicative of a high-
energy depositional environment. The Touchet Beds facies consist of rhythmically
bedded sequences of graded silt, sand, and minor gravel units (Myers et al. 1979).
These sediments are limited to areas where slack-water conditions existed.

2.2.2.1.5 Surficial Deposits. Eolian sediments, consisting of loess, active and
inactive sand dunes, alluvium, and colluvium, locally veneer the surface of the
Hanford Site.

2.2.2.1.6 Geologic Structure. The structural geology of the Pasco Basin is
illustrated on Figure 2-8. The major structural feature of the region is a sub-parallel
series of west- to northwest-trending folds known as the Yakima Fold Belt. Umtanum
Ridge and Cold Creek Valley west of the Site are examples of structurally controlled
anticlinal ridges and synclinal valleys. Gable Butte and Gable Mountain on the
Hanford Site represent the eastward extension of the Umtanum Ridge structure (Fecht
1978, p. 17). More localized information indicates that the 100-K Area site lies in
Wahluke syncline, a down-warped valley between the Gable Mountain and the Saddle
Mountain anticlines. The orientation of this syncline and the elevations of the top of
basalt near the 100-K Area are shown on Figure 2-9 (Myers et al. 1979).

2.2.2.2 Site Geology. The geologic setting underlying the 100-K Area is based on
regional data for the Pasco Basin and the Hanford Site and preliminary interpretation
of geologic information from wells drilled in and adjacent to the 100-K Area.
Twenty-nine wells were drilled in the 100-K Area, nine wells drilled in the adjacent
600 Area and one well in the 100-B/C Area. The locations of these wells are shown
in Figure 2-10 (100-K Area and adjacent 600 Area) and Figure 2-11 (detail of 100-K
Area). Construction information for these wells is summarized on Table 2-3.

Most of the 100-K Area wells penetrate only the uppermost portions of the
geologic section, with all but five wells extending less than 100 ft (33 m) beneath
ground surface. There are no drill holes in the 100-K Area which extend beyond
160 ft (53 m) below ground surface. Wells in the 600 Area are likewise limited to the
upper geologic section. One exception is Well 699-81-62, which is completed in
basalt at a depth of about 1,011 ft (308 m) below surface. (A handwritten note on the
geologic log indicates it was deepened to 1,471 ft [748 m].) This well is located .
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Table 2-3. Construction Information for Wells in the Vicinity of the 100-K Area.
Page 1

casing Casing Well Screened Interval
well® Hanford Coordinates® Elevation Diameter Depth From To bDate
Number West North {feet, msl) {inches) {feet) {feet) {feet) Completed Commentg
100-KR~1 Operable Unit
x-1° 69930 76800 405.00 8 107 —t ———— 3/31/52 Casing removed
K-4 68220 78052 405,00 8 40 — —— 3/31/52 Casing removed
K~-7 67480 78620 406,00 8 42 R tated e 2/28/52 Casing removed
K~13 68803 76104 464.00 12 138 —— — 3/31/53 01l in well
K-19 67000 78000 422.17 8 51 10 50 4/30/55 P-Submrsbl
K-20 66125 79500 422.57 8 48 10 50 5/31/55 P-Submrsbl
K-21 66000 80000 421.73 8 16 10 50 5/31/55 -
X~-22 65000 81000 421.68 8 49 10 50 §/31/55 P-Submrsbhl
K~23 68000 78000 405.00 8 25 65 80 2/28/56 —_—
x-24 69000 77000 467.00 8 50 -— -— 12731782 -
K-25 68000 78000 405.00 8 76 50 75 8/31/53 ——
100-XR-2 Operable Unit
K-2 68628 75569 469.00 6 40 ——— —_— 2128752 Casing removed
K-5 67175 76975 460.00 6 40 -— -— 1/31/52 Casing removed-
K-10 68800 76100 466.66 12 170.2 155 165 8/31/52 —
K-11¢ 68733 76030 467.66 6 170 69 160 8/31/52 P-sub T.D. 1238°
K~-15 69050 77160 408,00 6 150 ——— —— 4/30/43 e
K-16 67800 ‘76300 404.00 8 50 —— — 2/28/53 ——
K-27 68000, 76400 ° ~465 6 90 .65 85 9/30/79 P-Submrsbl
K-28 68060 76350 ~465 6 ag 63 es 9/30/79 P-Submrabl
E-29 67775 76500 ~465 6 89 65 85 9/30/79 P~Submrabl
K~-30 67700 76500 ~465 6 a9 it — 10/31/79 P-Submrash)
100~KER~-3 Operable Unit
K-3 67582 74493 495.00 6 40 - —— . 8/31/s2 Casing removed
K-6 66131 75889 480.00C 6 40 - e 1/31/52 Caging removed
K-12 68803 76104 466.55 6 159 118 138 9/30/52 —
600 (Background)
K-8 65733 78371 455.00 6 40 — -— 2/28/52 casing removed
K-9 64688 77295 470.00 8 40 et — 2728152 Caging removed
6-66-64 64249 66483 . 505.92 6 120 26 116 6/30/72 P-Submesbl
6~70-68 68357 70123 526.21 8 149 126 147 7/31/54 P-Submrsbl
6~72-73% 73222 72038 482.57 8 202 60 176 9/30/61 P-Sub T.D. 133°
6-~73-61* 60527 . 73195 531.53 8 150 107 146 9/14/62 P-Submrabl
6=-74~74 74075 73650 438.00 6 65 Collapsed(?}
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Table 2~3. Construction Information for Wells in the Vicinity of the 100-X Area,

Page 2

Casing Casing Well Screened Interval
wWell® Hanford Coordinates® Elevation Diameter Depth From To Date
Number West Rorth (feet, msl) {inches) (feet) {feet) {feet) Completed Comments
6-78~-62% 62300 77750 469.88 8 150 70 120 5/31/57 P~Sub T.D, 109’
6-80-62 62000 819500 440.00 ——— ——— ——— ——— — ——
6-81-62 62072 80813 441.46 2 1011 1280 1322 3731773 —
B/C Area
B3-2 71752 78818 442.59 8 790 635 645 8/53 Deep~-Bagalt
Wells Not Currently Located by Coordinatenm
K~-14 —— —_— 469 —_— — —— —_— —-_— ]
K-17 —— — 406 8 75 — —— 9/53 -
X-18 — -— 409 8 60 — — 10/54 ——
K-~26 —— ——— 464 8 55 —— —— 8/83 —_——
K-31 -— —— — — — — ———- —-—
Sources:
Notes:

. Well numbers are abbreviated. Full numbers for “K" geries wells would be 199-K~# and they are sometimes
abbreviated 1-K—-#. The "6" series wells, e.g., 6-81-62, would be 699-81-62.

Well locationa are shown on Figure 2-10 and 2-11. .

e No information is currently avallable for wells K14, X17, K18, X26 and X31.

Dashes (---} indicate data not available.

A handwritten note on the geolegic log indicates this well waa deepened to 1471 feet,
¢ Log for 6-73-61 originally designated as 699-74-60.

®  Well depth from drillers log at time of drilling. Several horehcles were sanded in at time of pump installation
therefore revised depth indicated in comments column.

YV LAVAA
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about 3,000 ft (915 m) east of the main portion of the 100-K Area. Another deep
well, 199-B3-2, is located about 3,000 ft (915 m) southwest of the 100-K Area in the
100-B/C Area and is about 790 ft (240 m) deep. Information on the deeper
subsurface conditions beneath the 100-K Area has been inferred primarily from these
two wells. Figure 2-12 provides a graphic comparison between a centrally located
100-K Area well (199-K-10) and the two deep wells.

Well numbering conventions in the remainder of the report have been
abbreviated. The full number for wells within the 100-K Area would be 199-K-#,
which has been shortened K-# or K#, e.g., 199-K-1 is referred to as K-1 (in some
reports, the abbreviation 1-K-# has also been used). The full numbers for the wells in
the 600 Area around the 100-K Area have also been shortened, e.g., 6-78-72, rather
than 699-78-72.

2.2.2.2.1 Site Stratigraphy. The geology in the 100-K Area consists of three
principal formations and other surficial units of interest to this site investigation.
From oldest to youngest, the site stratigraphy includes the Saddle Mountains Basalt of
the Columbia River Basalt Group (intercalated with the Ellensburg Formation
sediments), the Ringold Formation, and the Hanford formation. Surficial deposits
include river sediments and fill. Geologic cross sections, which are based on
interpretation of the drillers’ logs and notes, are presented on Figures 2-13 and 2-14.
(The locations of the cross sections are shown on Figures 2-10 and 2-11.) These
cross-sections address only the uppermost portions of the stratigraphic section (less
than 200 ft [60 m] deep) because of database limitations. As mentioned previously,
interpretation of the deeper stratigraphic units is based on information from two
adjacent deep wells outside of the 100-K Area (Wells 6-81-62 and 199-B3-2).

2.2,2.2.1.1 Saddle Mountains Basalt. The upper surface of the Saddle
Mountains Basalt is expected to be approximately 525 ft (160 m) below ground
surface. A contour map of the top of the Saddle Mountains Basalt is provided in
Figure 2-9. The regional geologic setting suggests that the uppermost basalts to be
encountered are flows of the Elephant Mountain Member. Information from Wells 6-
81-62 and 199-B3-2 indicates the upper basalt will be about 100 ft (30 m) thick.
Beneath these flows, the Rattlesnake Ridge sedimentary interbed of the Ellensburg
Formation was encountered in the two deep wells. The interbed was logged in Well
199-B3-2 as clay/sand/ash and as tuff/siltstone/sandstone/conglomerate in Well 6-81-
62. (Well 199-B3-2 apparently did not penetrate the entire interbed.) These
sediments are expected to be about 40 ft (12 m) thick in the 100-K Area and overlie
basalt flows of the Pomona Member.
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2.2.2.2.1.2 Ringold Formation. The Ringold Formation beneath the 100-K
Area is composed of interbedded fluvial deposits consisting of gravels, sands, silts,
and clays and is probably a mixture of Section Type I and II described in Section
2.2.2.1.3. The Ringold Formation is not fully penetrated by wells in the 100-K Area.
The two adjacent deep wells (199-B3-2 and 6-81-62) indicate that the thickness of the
Ringold Formation is about 480 ft (145 m). This is based on the interpretation that
the drillers’ descriptions of cemented gravels and sands about 70 to 85 ft (21 to 26 m)
below ground surface represent the upper Ringold contact.

The Ringold Formation is subdivided into three informal, site-specific units in
the vicinity of the 100-K Area; a lower Ringold sequence, a middie Ringold sequence,
and an upper Ringold sequence. The sediment sequences are differentiated based on
lithologies. These designations are not to be confused with other Ringold Formation
classifications elsewhere in the Pasco Basin such as the Upper, Middle, Lower, and
Basal Ringold units of the Type I facies of Tallman et al. (1981). The classification
of Tallman et al. was developed principally for the Ringold Formation within the 200
Areas (south of Gable Mountain) and does not easily fit the Ringold Formation in the
100-K Area.

The deepest Ringold unit (lower sequence) is expected to consist predominantly

of gravels and sands (possibly sandstone and conglomerate) based on information from
Wells 1-B3-2 and 6-81-62. The thickness of this unit is expected to be between 20 ft

(8 m) and 65 ft (20 m).

The lower sequence of sands and gravels is overlain by the middle Ringold
sequence, which consists of silts and clays with minor lenses of sands and gravels.
The lowermost portion of this sequence is composed of a relatively thick section of
clay, commonly referred to in drillers’ logs as "green" or "blue clay.” The thickness
of the "blue clay"” is expected to range between 105 and 140 ft (34 to 46 m). ‘Another
clay layer of interest is light colored and found in the uppermost portion of the -
sequence (see Figures 2-13 and 2-14). This layer may be continuous across the site
and may be approximately 40 ft (13 m) thick. The thickness of the entire middle
sequence ranges between approximately 410 and 450 ft (125 to 137 m).

The upper sequence of the Ringold Formation is characterized by alternating
layers of consolidated and unconsolidated coarse sediments (sands and gravels). The
consolidated soils are described in the drillers” logs and notes as caliche, cemented
gravel, or gravel, sand and silt that drill slow and hard (hereafter referred to as
"cement gravels"), The cemented gravels appear to be continuous across the site and
may even extend to Coyote Rapids, which have been mapped as Ringold Formation
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sediments and described as being associated with a "caliche” layer (Brown 1962). A
calcrete layer may be associated with the top of the uppermost cement gravel, but this
occurrence cannot be verified at this time. The thickness of this sequence of sands
and gravels is approximately 80 ft (24 m) below the 100-K Area.

Using the criteria that the top of the cemented gravels represents the contact
between the Ringold and Hanford formations, a contour map of the top of the Ringold
Formation was prepared for this work plan (Figure 2-15). Significant elevation
differences (50 ft [16 m]) are apparent and may be representative of an erosional
(paleo-drainage) system or scouring from catastrophic floods.

2.2.2.2.1.3 Hanford Formation. The Hanford formation lies above the
Ringold Formation and varies between 30 and 70 ft (9 to 20 m) in thickness. The
variation in thickness depends largely upon topography with thinning of the formation
following terracing toward the Columbia River. Also, as mentioned above, the
contact with the Ringold Formation is unconformable and varies in elevation between
well locations. The Hanford formation consists largely of unsorted gravel, sands and
boulders, which are typically unconsolidated.

2.2.2.2.1.4 Other Surficial Deposits. Adjacent to the Columbia River, recent

alluvium is continually deposited and reworked. The magnitude of river flow and
abundance of sediment ranging to boulders gives rise to a varied alluvial sequence.

Nearly the entire surface of the operable unit with the exception of some
locations along the steeply pitching river banks has been disturbed by grading or
excavation. Fill materials are largely comprised of native materials. The extent of fill
is greatest near the river bank terrace or at berms established adjacent to the 116-KE
and KW retention basins, the 116-K-1 pond berm and local fill areas from washouts
along the 116-K-2 trench. Comparisons of topographic maps from before and after
reactor construction indicate that as much as 10 ft (3 m) of fill may have been placed
underneath the retention basins. Recent information is provided by the Coyote Rapids
7.5 minute quadrangle map (USGS 1986b). Older information is from a topographic
map numbered M-1600-K, Sheet 1 prepared by General Electric for the USAEC. One
of the well logs (for Well K15) also indicates at-least 10 ft (3 m) of casing had to be
added to the top of the well casing before fill was brought into the area.
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2.2.2,2.2 Site Structural Geology. Site-specific structural features cannot be
identified from existing or current interpretations of the 100-K Area site geology.
Interpretation based upon regional features indicate that 100-K Area is situated on the
northern limb of the Wahluke Syncline regionaily described as gently dipping to the
south (Figure 2-9).

2.2.3 Hydrogeology

A regional overview of the hydrogeology of the Hanford Site is presented in the
first part of this section. This information provides a background setting for a more
detailed discussion of the hydrogeology of the 100-K Area, which is included in the
second part of this section.

2.2.3.1 Regional Hydrogeology. The Hanford Site lies near the center of the Pasco
Basin, which is a sub-basin of the Columbia Basin. Ground water at the site occurs
under both unconfined and confined conditions.

The unconfined aquifer is contained primarily within sedimentary deposits of
the Ringold and Hanford formations. The base of the unconfined aquifer is defined

either by the clay zones of the lower Ringold Formation or by the top of Columbia
River Basalts where the lower Ringold Formation is absent.

The depth to ground water beneath most of the Hanford Site is generally 200 to
300 ft (61 to 91 m). However, north of Gable Mountain in the 100 Areas, the water
table is shallower (Liikala et al. 1988). A regional water table contour map of the
unconfined aquifer is presented in Plate 1. Ground water generally moves eastward
across the Hanford Site toward the Columbia River, which receives ground water
discharge from the unconfined aquifer along much of its length. The general eastward
flow is interrupted by ground water mounds that occur near the 200 Areas as a result
of artificial recharge from onsite disposal of cooling water. The unconfined aquifer is
naturally recharged by precipitation, runoff from higher elevations, and influent
reaches of the Yakima and Columbia rivers. Beneath the Hanford Site, most of the
shallow ground water originating from natural recharge flows to the Hanford Site
from the higher elevations along Rattlesnake Ridge down toward the Cold Creek and
Dry Creek Valleys.

The confined aquifers of the regional ground water flow system are contained
in the rubbley interflow zones and in the associated sedimentary interbeds within the
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Columbia River Basalt Group. Intermediate or local confined systems may also occur
in the Ringold Formation, where clay units act as aquitards.

The Hanford Site lies within the regional discharge zone of the Pasco and
Columbia basins. Therefore, in a general regional sense, vertical ground water
movement is upward in response to increasing hydraulic head with depth.

2.2,3.2 Hydrogeology of the 100-K Area. As with the geologic information, site-
specific hydrogeologic information for the 100-K Area has been developed based upon
information from 29 wells drilled within or immediately adjacent to the 100-K Area
(K1 through K7 and K10 through X31). In addition, 10 other wells (K8, K9, 6-66-64
6-70-68, 6-72-73, 6-73-61, 6-74-74, 6-78-62, 6-80-62, 6-81-62) are located in the 600
Area close enough to the 100-K Area to be of use in characterizing the 100-KR-4
operable unit. The locations and construction details for the wells relied upon for this
work plan are shown in Figures 2-10 and 2-11 and Table 2-3, respectively. Because
numerous wells have been instailed in and around the 100-K Area, efforts have been
made to review and interpret the available data from the wells (if only in a qualitative
sense) in order to provide the most efficient plan for additional work at the site.

3’

The history of well installation in the 100-K Area and vicinity is summarized in

Table 2-4. Lithologic data from boring logs are available for nearly all 100-K Area
wells. Hydrologic information, such as water level measurements and aquifer test

data, is limited but is sufficient for preliminary definition of hydrostratigraphic units
and ground water flow directions beneath the 100-K Area. Where site-specific
information is not available, reference has been made to information available from
other sites. In particular, all but one of the wells in the 100-K Area and immediate
vicinity are shallow, i.e., penetrate only the upper portion of the unconfined aquifer.

Table 2-4. History of Well Installation in the 100-K Area

Time Frame Well # Purpose

1943 K15 Unknown (rediscovered in 1953)

1952 Kl to Kl4, X24

1953 K16, K17, K25 Presumably installed to
evaluate overall conditions of
100-K Area

1954 Ki8

1955 K19 to K22

1979 K27 to K30 Four wells to determine impact

, from 105-KE fuel storage basin
1986 K31 Supplement 1979 wells
1966-~1981 "6" Series Wells Installed to evaluate overall

conditions of 100 Areas

WP 2-54




L

DOE/RL-90-21
DRAFT A

Ground water information 1s also available from surveys of springs or seeps
along the shoreline of the Columbia River. There are an estimated 14 seeps along the
riverbank assigned to the 100-K Area reach of the Columbia River (McCormack and
Carlile 1984). The locations of the seeps are shown on Figure 2-16 and the seep
characteristics are described in Table 2-5.

2.2.3.2.2 100-K Area Hydrostratigraphy. The conceptual hydrostratigraphic

column for the 100-K area is included in Table 2-6. Comparison of the
hydrostratigraphic and stratigraphic units is provided by this table. The
hydrostratigraphic interpretation for the 100-K Area is based on available borehole
logs as compared with known regional conditions. Because of the greater potential
impact of the waste sites on shallow ground water, the hydrostratigraphic units are
discussed in descending order starting from ground surface. The designation (A, B,
C, and D) of the various layers have been provided for clarity and are not related to
other nomenclature used to describe the Hanford Site hydrostratigraphy.

The available borehole logs, most of which were prepared by the drillers,
generally lack detailed geologic description or classification of the subsurface material
encountered. However, the logs correlate with general descriptions of the typical
lithologic section for the Hanford Site. Several of the wells were installed by the
same drillers, who made detailed notes; therefore, the logs are consistent and useful.
In addition, the drillers frequently noted depth(s) of water occurrences and provided
qualitative assessments of the water occurrence (such as gain, loss or sufficient water
for drilling). Based on this information, there appear to be higher permeability zones
that correlate with lithologic variations, indicating potential variations in lateral and
vertical ground water (and contaminant) movement.

In the conceptual hydrostratigraphy discussed below, units within the upper
Ringold sequence are designated "producing layers" and "lower permeability layers"
because there are insufficient data to judge whether the lower permeability layers act
as confining or semiconfining units. The hydrostratigraphic units within the middle
Ringold sequence are designated "confining layers” and "confined aquifers” based on
information from drillers’ logs and similar hydrostratigraphy elsewhere on the
Hanford Site.
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Figure 2—-16. Location of Seeps Along the Columbia River
Shoreline Near 100—K Area.
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Table 2~5. Shoreline Seeps Inspaction Record in Vicinity of 100-K Area

Page - 1 of 2

Logatjion® Location® _besjgnation® Description®

5.25 382.85 5-4 17.3%, moderate flow, several small springs at river’s edge 60 yd DS RM
5-3.

5.6 3g2,5 5-43 12.3%, low flow, 100 yd-DS RM pump station.

5-5 10.2°%, moderate flow, 50 yd DS 5-4A, percolating.

5.9 382.2 5~6 12.8%, moderate flow, continuous to RM 6 (50 yd).

6.0 asz2.1 6-1 12,9%, moderate flow, percolating continuous for 50 ft. 150 yd DS RM 6.

6.2 381.9 6-2 10.1%, low flow, percolating stream, 75 yd DS boat launch area.

6-3 8.8%, low flow, 75 yd DS 100-EW intaka.

6.8 381.3 7-0 13,2%, heavy flow, inside narrow inlet extending inland 10 yd from
river’'s edge, 200 yd D5 100-KE intake, inlets surrounded large boulders
and cobble; 20 ft DS is another inlet, low flow 12.0°%.

6.9 381.2 7-1 11.9%, moderate to low flow, emanating from small boulders at DS inlet
from small point, 4 ft from river’s edge, 100 yd DS is another area low
flow 12,59 (at RM 7).

7.0 3s1.1 7-1 13.8%, heavy flow, 5 yd from river’'s edge, cobble and boulders, 150 ft
DS RM 7, on small point; 10 yd DS is 2nd area heavy flow 13.0%C; 30 yd
DS is 3rd area heavy flow 14.6°C, 6 ft from river‘s edge; 36 yd total DS
7-1 4th area 15.1°C, broad area of springs (directly below K-19 well)-
unnunmbered well with water in it here. - at K trench overflow, broad
area, low flow 12.2°C (BM site smign) - 8:10 a.m.

7.25 380.85 7-2 15.4°¢, moderate flow, area 15 ft wide, small inlet at DS end of
depressed K trench overflow area, 6 ft from river’s edge.

7-3 11.2°%, moderate flow, 100 ft § no trespass sign 100 ft DS from 7-3

intermittent flow DS from 7-3.

YV LAVId
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Table 2-5. Shorsline Seeps Inspection Record in Vicinity of 100-K Area

Page — 2 of 2

Location® Location® Desjgnation® Description®
7.3 380.80 7-4 11.8%, very heavy flow, forms small pool, boulder area 15 £t from

river’s edge, bank broad and flat.
8.25 379.85 8-1 12.0°, low flow, in grooves perpendicular to river, 15 yd from river's
edge, flat cobble shore, 500 yd DS RM B - 60 ft DS 8~1 12.2%,
percolating vertically from hole between rocks 1 ft from river‘s esdge -
930 a.m. 11.9°C below no trespass sign 5 ft from river's edge,

a) River Mils (RM) per McCormack and Carlisls, 1984

b} Cenvertad BM to correspond to standards USGS dasignation
c) Spring Desfgnation par McCormack and Carlisle, 1984

d} DS-Downstream

Note: This table includes seepe from River Miles 5.3 through 7.5. This portion of the river was selacted by McCormack and Carlisle {1984) to encompags the sections of shoreline adjacent to
the 100-K Area.
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Table 2-6. Conceptual 100-K Area Hydrostratigraphy

Approximate Depth

Lithelogic

Hydrogtratigraphy Stratigraphy {ft. below surface) Degeription
Unsaturated
Vadose zone fill/alluvium 0-5 Reworked gravel with sand
Hanford formation 5-48§ Cobbles, boulders,
gravel, and sand
Upper Ringold Seguence 45-70 Cemented gravel and sand
Water table
Saturated
Lower Permeability Upper Ringold Sequence 70~-85 Cemented gravel and sand,
Layer A (uppermost uncensolidated silt and
water-bearing unit) clay
Producing Layer A Upper Ringold Sequence 85-115 Gravel and sand
Lower Permeability Upper Ringold Sequence 115-125 Cemented gravel and sand
Layer B
Producing Layer B Upper Ringold Sequence 125-165 Gravel and sand
confining Layer C Middle Ringold Sequence 165-185(7) Light-colored
clay/shale/ash
Confined Aguifer C Middle Ringold Sequence 185(7?)~-400 siltstone, claystone and
sandstone
Confining Layer D Middle Ringeld Seguence 400-505 Green to black
siltstone/claystone
Confined Aquifer D Lower Ringold Sequence 505-525 sandstone and
conglonerate
Basalt Confining Elephant Mountain Member 525-645 Basalt
Layer Basalt Flow(s)
Basalt Interbed Rattlesnake Ridge 645-685 Welded tuff, siltstone,

Aquifer

Interbed )
{Ellensburg Formatian)

sandstone and
congloemerate

Note: The depths and descriptions of the upper hydrostratigraphic units (into confining layer C) are based on
interpretations from the driller’s log and notes for Well K-10 which is centrally located in the 100~-K Area. The
deeper hydrostratigraphic units and depthe are based upon interpretations of driller’s log and notes for Well &-

Bi-62 located about 3,000 £t {915 m) east of the main portion of the 100-K Area.
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The hydraulic characteristics presented below are based primarily on Hanford
Site conditions (regional information) because only limited information is available
specifically for the 100-K Area. However, the reported ranges of values do give an
idea of the relative permeabilities of the hydrostratigraphic units. Conditions within
the 100-K Area are expected to be within the reported ranges because of stratigraphic
similarities between the 100-K Area and the Hanford Site region.

2.2.3.2.2.1 Vadose Zone. Several different stratigraphic units occur within the
vadose zone, including fill, loess, alluvium, the Hanford formation and the Ringold
Formation. Because the water table occurs within the uppermost cemented gravel
underneath much of the site, which has been interpreted as the upper portion of the
Ringold Formation, this zone has also been included in the vadose zone. The
thickness of the vadose zone varies from about 20 to 80 ft (7 to 25 m) across the site
due to topographic variations as shown on the geologic cross sections (Figures 2-13
and 2-14). The vadose zone may have been reduced in thickness historically due to
ground water mounding during site operations.

Water contents at depth in vadose zone sediments at the Hanford Site are
generally low, ranging from 2 to 7% by weight in coarse-grained soils and 7 to 15%
in silts (Gee and Heller 1985). Measurements of matrix potential (i.e., the energy
required to extract water from a soil against the capillary and adsorptive forces of the
soil matrix) at depths greater than 30 ft (9 m) suggest that water in the deeper
sediments is slowly draining to the water table (Hseih et al. 1973).

2.2.3.2.2.2 Lower Permeability Layers A’ and ’B’ (Upper Ringold
Sequence). Lower permeability layers A’ and B’ correspond to layers of cemented
gravel underlying the site (Section 2.2.2.2). The ’A’ layer is the saturated portion of
the uppermost cemented gravel. Based on conditions encountered during installation
of Well K10, it is about 15 ft (5 m) thick. From the drillers’ notes, the depth at
which water was encountered during drilling apparently corresponded to the water
level in the well upon completion. Therefore, this layer may only be semiconfining or
there may not be of sufficient hydraulic head to raise the potentiometric surface
relative to this layer. The *B’ layer is about 10 ft (3 m) thick in Well K10 and is
separated from the A’ layer by more permeable sands and gravels. The hydraulic
characteristics of these layers are discussed below with those for confining layer *C’.

The position of the lower permeability A’ and "B’ layers relative to the water
table and their thicknesses of these layers are variable. East of the 100-K Area, e.g.,
toward Well 6-78-62, both of these layers are apparently shallower and thus they are - .

in the vadose zone. Locally, the A’ and *B’ layers may merge as in Well K1 (Figure
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2-13). Also, the continuity of these layers (or the degree of cementing) may change
resulting in variations to ground water and contaminant flow.

The potential effect of the cemented gravel layers on contaminant movement is
evident in the variations in cation exchange capacities (CEC). Available CEC data are
summarized on Table 2-7, along with the lithologic descriptions of the samples.
Significant increases in CEC values, which could indicate decreased contaminant
mobility, correspond to layers in which caliche or clay were noted.

2.2.3.2.2.3 Producing Layers A’ and ’B’ (Upper Ringold Sequence).
These layers correspond to the relatively more permeable sands and gravels generally
noted by the drillers beneath the cemented gravels. The upper producing layer is
about 30 ft (9 m) thick but may be locally absent (Well K1) near the river. The lower
producing layer is about 20 ft (7 m) thick in Well K10. The hydraulic characteristics
of these layers are discussed below with those for confined aquifer *C’.

2.2.3.2.2.4 Confining Layer 'C’ (Middle Ringold Sequence). At the three
deeper Ringold well locations in the 100-K Area (Wells K1, K11, and 6-78-62), a
light-colored layer variously described as clay, shale, ash with silt, sand, and gravel
was encountered. The drillers noted a significant reduction in water production in this
layer. None of the three wells fully penetrates the layer. At about the same depth in
Well 6-81-62, a lighter colored siltstone layer about 40 ft (12 m) thick was
encountered. Because of the significantly reduced production capacity of this layer, it
has been considered to have a potential impact on ground water and contaminant
movement by restricting vertical migration.

2.2.3.2.2.5 Producing Layer ’C’ (Middle Ringold Sequence). None of the
100-K Area wells was drilled into this layer. This layer has been assumed to exist
between confining layers C’ and ’D’, of the Ringold Formation (a thickness of about
200 ft [60 m]). Based on variations in lithology encountered in Well 6-81-62, there
are probably alternating producing and confining layers corresponding to alternating
lithologies within this zone.

At present, information specific to the upper producing layers in the Ringold
Formation ("A’, B’ and ’C’) is only available for producing layer ’B’. This
information is from testing of Well K10 which is completed in producing layer *B’.
Reference is also made on drillers’ notes to testing of other wells, e¢.g., Well 6-72-73;
however, specific information from these tests has not yet been located.
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Well
Humber

Hells Withi

K-19

K-25

K-26

Table 2-7. Cation Exchange Capacities

Page 1 of 4
Grain Size Cation
Material Exchange
Depth of Sample above 2mm Sand 8ilt Clay Capacity Lithology
{ft below surface) (%) (%) %) %) {meq/100g) __ (from driller’s log)
00~KR~1 erable Unit
10 42 54 1.9 1.9 1.4 Gravel and boulders
15 28 60 7.7 4.9 2.0 Gravel
20 n 54 9.0 5.8 1.5 Gravel
25 26 59 9.4 5.9 1.4 Gravel
30 aoc 59 7.8 4.2 i.1 Gravel
k1 54 45 0.4 0.9 0.5 Gravel
40 88 8 1.7 1.0 0.3 Gravel and boulders
45 29 65 0.9 4.5 1.6 Gravel
5 35 50 9.9 5.0 3.7 Clay
10 32 51 11.3 5.5 4.3 Clay and gravel
15 10 62 20.1 8.7 6.0 Clay and gravel
20 59 as 1.7 0.9 1.5 Gravel
25 75 25 0.1 0.3 0.9 Gravel and boulders
30 3 65 2.5 1.1 1.7 Sand and coarse gravel
35 21 73 5.9 0.1 1.6 Sand and coarse gravel
40 41 53 4.3 1.6 1.3 Coarsa gravel, boulders
and fine sand
45 57 40 2.4 0.8 1.3 Sand and cocarse gravel
50 59 39 1.2 0.8 0.6 Sand and coarse gravel
55 52 44 2.9 1.2 1.2 Coarse gravel and sand
60 50 48 1.9 1.0 1.1 Coarse gravel and sand
65 60 39 0.9 0.6 0.7 Gravel and sand
70 49 45 3.6 2.3 0.8 Gravel and sand
75 59 40 0.7 g.8 0.4 Gravel and sand
5 21 70 6.3 3.0 4.9 No log available

10 33 587 7.0 2.9 4.4
15 45 54 1.1 0.4 3.4
20 32 51 12.0 5.0 5.4
25 29 53 13.8 4.5 5.9
30 39 85 3.7 2.5 1.2
35 24 59 12.9 4.0 1.8
40 24 72 2.3 1.7 1.2
45 49 49 1.5 0.7 0.4
50 38 &8 1.6 2.4 1.6
5% 32 58 7.1 3.2 1.6

V Lavad
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Table 2-7. cCation Exchange Capacities

Page 2 of 4
Grain Size Cation
Material Exchange
Well Depth of Sample above 2mn Sand Silt Clay Capacity Litholaogy
Numbep (ft below surface) __ (%) __ 3) %) (%) {weq/100q) ___ (from dxiller’e log) .
Hells Within 100-KR-2 Operable U
K-18 5 20 75 2.4 1.7. 2.5 Sand backfill
(questionable i1 19 76 2.8 1.8 2.0 Sand backfill
location) 1s 61 36 i.9 0.9 0.% Coarse gravel and coarse sand
20 23 71 4.4 2.1 0.1 Gravel and fine sand
25 63 35 0.9 0.4 0.5 Gravel and fine sand
30 17 79 2.8 0.9 1.2 Gravel and fine sand
35 4] 94 4.5 1.6 1.2 Fine sand
40 49 48 2.0 1.2 1.0 Coarsge gravel and fine sand
45 47 50 2.1 0.7 1.6 Coarse gravel, cobbles,
fine sand
50 37 56 5.4 2.1 i.7 Gravel and fine sand
55 61 37 1.0 0.7 1.1 Gravel and fine sand
60 34 62 2.6 1.5 2.1 Coarse gravel and fine sand
He i e 600 Area Near t 100K Area
6~70-68 5 3s 42 14.2 5.2 3.3 Boulders, sand and silt
10 40 40 14.4 5.7 3.2 Boulders, sand and silt
is 43 43 9.7 4.3 3.0 Boulders and gravel
20 51 39 6.8 2.7 2.4 Cobbles and gravel
25 71 23 4.3 1.7 1.5 Coarse gravel
30 10 84 4.0 1.8 3.9 Fine and coarse sand
35 28 64 5.5 2.1 3.8 Sand and gravel
40 5 90 4.0 1.4 5.1 Sand
45 10 84 4.2 1.8 6.8 Fine sand
50 57 41 0.9 0.6 1.6 Sand and gravel
55 37 50 10.8 1.5 3.1 Sand and gravel
60 25 69 3.6 1.6 2.8 Sand and gravel
65 16 62 20.6 1.8 3.1 Sand and gravel
70 19 60 19.9 1.7 3.0 Sand and gravel
75 65 31 2.7 1.3 1.6 Gravel and sand
80 5 22 1.8 1.2 1.7 Gravel and sand
8s 7 89 2.8 0.7 3.0 Gravel and sand
20 40 57 2.1 0.8 2.9 Gravel and sand
g5 17 79 3.3 1.1 4.1 Gravel and sand
100 5 88 5.7 1.7 4.9 Sand
108 49 45 4.9 1.7 2.8 Gravel and sand
110 59 33 6.1 1.9 2.6 Gravel and sand
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Table 2-7. cCation Exchange Capacities
Page 3 of 4
Grain Size
Material
Well Depth of Sample above 2mm Sand silt Clay
Number {ft below surface) (%) (%) (%) (%)
6-70-68 (contd.) 115 27 68 3.7 2.0
120 11 a5 3.2 1.1
125 62 36 1.4 0.9
130 45 51 2.6 1.0
699~-78~62 5 28 49 16.5 6.2
10 25 61 8.5 6.1
15 19 54 21.0 5.5
20 32 47 16.3 4.7
25 21 58 16.1 5.0
30 29 82 14.8 4.7
as 28 49 17.2 6.4
40 32 47 15.4 5.3
45 25 50 17.0 7.3
50 25 52 16.0 7.0
55 14 61 17.6 8.1
60 21 60 14.1 5.4
65 16 61 16.7 6.6
70 12 68 14.8 5.1
Hells in the B/C Area
199-B3-2 10 39,9 71.6 22.4 6.0
25 23.6 2.7 22.1 5.2
45 43,1 85.8 12.3 1.9
65 29.0 70.4 - 25 4.6
80 9.1 92.7 7.3 o
100 49.3 95.8 3.4 0.93
115 38.2 85,9 11.0 3.1
135 39.5 92.6 6.7 0.7
155 il.5 65.7 23.8 10.5
175 0 17.6 29.8 §2.6
150 29.7 80.3 13,3 6.4

Cation
Exchange
Capacity

{meq/100q)

NMRNbDWWhaLOLOME R ON
DWNNARAOAVAONNMY NGOG

L I T T

[N
Ww & o

LY

.
MO B W

Litholegy
(from driller’s loq)

Gravel and sand
Gravel and sand
Gravel and sand
Gravel and sand

Cemented gravel
Cemented gravel
Boulders
Cemented gravel
Gravel

Gravel

Gravel

Gravel
Cemented gravel
Cemented gravel
Cemented gravel
Cemented gravel
Cemented gravel
Gravel and clay

Boulders, gravel and silt

Boulders, gravel and silt

Coarse gravel, little sand
and smilt

Coarsa gravel, little sand
and asilt

Sandy gravel and gravelly
sand

Sandy gravel and gravelly sand

Sandy gravel and gravelly sand

Sandy gravel and gravelly sand

Sand and silt with scme
gravel, clay and callche

Sand and silt with scme
gravel, clay and caliche

Sand and silt with some
gravel, clay and caliche

YV LEYVIA
12-06-"T4/H0d



9T dM

Table 2-7,

Cation Exchange Capacities

Page 4 of 4

Grain Size

Material
Well Depth of Sample above 2mm Sand
Number (ft below surface) (%1 {%}
199-B3~2 (contd.} 210 0 58.6
230 0 63.3
250 0 57.7
270 55.1 85.13
290 57.4 83.1
3i0 0 68.0
325 71.0 B86.2
340 68.5 92.2
370 11.7 93.0
380 2.1 66.4
395 0 12.5
418 0 8.8
435 0 6.7
450 0 39.8
470 11.6 . 12.4
495 0 15.7
515 0 11.0
535 0 1.8
560 0 17.8
580 0 11.2
600 38.0 69.5
620 0 71.0
640 19.4 59.6
655 0 4.0
505(7) 0 12.0

Sources: Bensen et al 1963 and McHenry, 1957.

Silt Clay
.{l}_..(il._
29.3 12.1
30.9 5.8
33.2 9
12.2 2.5
12.9 4.0
27.9 4.1
11.9 1.9
5.6 2.2
6.8 0.2
8.2 8.5
57.5 30.0
62.0 28.8
62.5 30.8
21.8 18.4
58.5 29.1
57.9 26.4
62.5 26.5
65.8 32.4
63.1 19.3
62.8 36.0
20.2 10.3
19.7 9.3
21.6 18.8
29.5 66.5
65.3 22,7

Cation
Exchange
Capacity

(meg/100q}

23.9
12.8

Lithology
{from driller’s log)

Sand and silt with some
gravel, clay and caliche

Sand and epilt with some
gravel, clay and caliche

Sand and gilt with some
gravel, clay and caliche

Sandy gravel

Sandy gravel

Layers of sand, silt and
clay with some gravel

Sandy gravel

Sandy gravel

Sand, silt and clay with
some gravel and caliche

Sand, silt and clay with
some gravel and caliche

Sand, silt and clay with
gome gravel and calichs

Sand, silt and clay with
some gravel and caliche

Sand, silt and clay with
some gravel and caliche

sand, silt and clay with
some gravel and caliche

Blue clay

Blue clay

Blue clay

Blue clay

Blue clay

Blue clay

Clay, sand and gravel

Clay, sand and gravel

Clay, sand and gravel

Clay, sand and gravel

Clay, sand and gravel

YV LIAVAA
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Reported hydraulic conductivity ranges for these units for the Hanford Site
include: 100 to 7,000 ft/d (4 x 10 to 2.5 x 102 m/s) for undifferentiated
Hanford/Middle Ringold sediments; 0.1 to 7,000 ft/d (4 x 107 to 2.5 x 10 m/s) for
the Ringold Formation; and 20 to 6,000 ft/d (1 to 210 m/s) for the Middle Ringold
Unit. The reported range in storage coefficients for the overall Ringold Formation is
0.0002 to 0.05 (DOE 1988 and Schalla et al. 1988).

2.2.3.2.2.6 Confining Layer ’D’ (Middle Ringold Sequence). The
lowermost portion of the middle Ringold sequence, which was logged as blue clay at
Well 199-B3-2 and as green or dark grey to black and medium-siltstone and claystone
at Well 6-81-62, is the confining layer above the lower Ringold sequence. The
thicknesses of this unit at Wells 199-B3-2 and 6-81-62 are about 140 ft (43 m) and
105 ft (32 m), respectlvely It is assumed that a similar layer exists beneath the 100-K
Area.

The reported range in hydraulic conductlvny values for this unit, 0.11 to 10 ft/d
4 x 107 to 4 x 10° m/s) (DOE 1988), is significantly less than the ranges for the
other Ringold units, as would be expected for a confining layer. The reported storage
coefficient range, 0.0002 to 0.05, is for the overall Ringold Formation (DOE 1988),
but the values for the "blue clay” may be even less because it is a confining layer.

The vertical hydraulic conductivity of this zone, as measured at the 100-H Area, was
at 10 ft/d (4 x 10® m/s) (Liikala et al. 1988).

2.2.3.2.2.7 Confined Aquifer D’ (Lower Ringold Sequence). The thickness
of this unit is approximately 60 ft (20 m) at Well 199-B3-2 and about 25 ft (8 m) at
Well 6-81-62. In Well 199-B3-2, it was logged as clay, sand, and gravel and in Well
6-81-62, it was logged as sandstone and conglomerate. As with confining layer 'D’, it
is assumed that a layer similar to the lower Ringold sequence exists beneath the 100-K
Area.

The hydraulic conductivities for this unit reportedly range from 0.01 to 1,000
ft/d (4 x 10 to 4 x 10 m/s) (DOE 1988 and Schalla et al. 1988). Because this unit
is confined, the lower values e.g., 0.001 or less, in the reported range of storage
coefficients for the overall Ringold Formation, 0.0002 to 0.05, would probably be
representative.

2.2.3.2.2.8 Basalt Aquitard (Elephant Mountain Basalt). Detailed
information about the uppermost basalt encountered in Wells 199-B3-2 and 6-81-62 is
currently not available. The occurrence of flow tops, flow interiors, vesicular zones
or other features has not yet been determined. However, in both Wells 199-B3-2 and

WP 2-66




DOE/RL-90-21
DRAFT A

6-81-62, the thickness of the uppermost basalt layer is at least 100 ft (30 m);
therefore, it is expected to impede vertical ground water movement beneath the 100-K
Area.

Although the uppermost portion of this basalt may be a more permeable flow
top, it is assumed that a less permeable flow interior is also present in this section.
Reported hydraulic conductivities for flow tops in the Saddle Mountains Basalt range
from 10? to 10°° ft/d (107 to 10" m/s), and the reported effective porosity for flow
tops in general is 5%. No data are available for review for flow interiors in Saddle
Mountains Basalt, but for column zones (which may make up flow interiors) in the
Wanapum and Grande Ronde Basalts, the hydraulic conductivities range from 10° to
10°® ft/d (10" to 10" m/s). The reported effective porosity for the flow interior is
<1% (DOE 1982). Only one hydraulic conductivity value is reported specifically for
the Elephant Mountain Basalt (2,040 ft/d [7 x 10 m/s]); however, this is probably
representative of a more permeable zone in the basalt (Gephart et al. 1979).

2.2.3.2.2.9 Basalt Interbed Aquifer (Rattlesnake Ridge Interbed). The
uppermost interbed encountered in Wells 199-B3-2 and 6-81-62 was logged as
clay/sand/ash and welded tuff/siltstone/sandstone/conglomerate, respectively. It was
apparently not completely penetrated in Well 199-B3-2 but was about 40 ft (12 m)
thick in Well 6-81-62.

Reported hydraulic conductivities for the interbeds in the Saddle Mountains
Basalt range from 107 to 107 ft/d (10" to 10"* m/s) with a storativity of 10 to 10,
The reported effective porosity for interbeds in general is <10% (DOE 1982).
Reported mean hydraulic conductivities specifically for the Rattlesnake Ridge Interbed
range from 0.1 to 100 ft/d (4 x 10? to 4 m/s) (Gephart et al. 1979).

2.2.3.2.3 Ground Water Flow. The water table elevation varies from about
385 to 400 ft (117 to 122 m) above mean sea level based on 1989 measurements in
and around the 100-KR-4 operable unit. A contour map of the ground water
elevations is shown on Figure 2-17, along with the individual well measurements.
The gradient is relatively flat, on the order of 0.0009 to 0.0033, and is steeper near
the river, due to either lithologic variations affecting transmissivity or the influence of
the river elevation with time. The overall gradient is toward the river, as would be
expected from regional conditions, but also shows a "downriver" influence. The
cause of higher ground water elevation in Well K11, and the relatively low elevation
in Well K13 is not known. The ground water elevation difference could be explained
by the following: different measurement dates; survey error; different well depths
and muitiple screened intervals; lithologic variations; and/or continued use of onsite

WP 2-67/(WP 2-68 blank)
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~ which had been transported to the south could then migrate back toward the site and

the river, perhaps at greater depth.

Figure 2-20, which shows water level measurements in three representative
wells as a function of time, illustrates the rapid reduction in the water table elevation
once production ceased. These data are also summarized on Table 2-8. Well 6-72-
73, which is farther from the 100-K Area reactors and the associated cooling tanks
(about 1 mi [1.6 km] southwest) showed the least change. Well K11, within the 100-
K Area but slightly upgradient of the reactors, showed greater change. However, the
greatest changes were in Well K20, which is downgradient of the reactors and along
the 116-K-2 trench through which cooling water was discharged.

2.2.4 Surface Hydrology

The following section provides information on 100-K Area drainage patterns
and also discusses streamflow and flooding potential of the adjacent Columbia River.

2.2.4.1 Site Drainage Patterns. No well-defined drainage channels exist within the
100-K Area because of the relatively flat topographic surface and highly permeable
surficial deposits in the area. There is evidence of erosion between the north fence of
the 100-K Area and the Columbia River. Surface runoff from the site could reach the
river during significant storm events.

2.2.4.2 Seeps and Springs. During times of low water, various ground water seeps
have been observed along the stretch of the Columbia River adjacent to the 100-K
Area (McCormack and Carlile 1984) (Figure 2-16). The seepage consists primarily of
bank storage draining back into the river. The volume of seep discharges at the 100-
K Area has not been quantified.

2.2.4.3 Streamflow Characteristics. The Columbia River flows through the
northern edge of the Hanford Site and forms part of the sites eastern boundary. The
Columbia River is regulated by 11 dams within the United States, 7 upstream and 4
downstream of the Hanford Site as shown in Figure 2-21. The nearest upstream
impoundment is Priest Rapids Dam and the nearest downstream impoundment is

McNary Dam.

The Hanford Reach of the Columbia River is a free flowing stretch of river
extending from the Priest Rapids Dam to the head of Lake Wallula, which is created
by McNary Dam. Flows typically range from 36,000 to 250,000 ft*/s (1,000 to
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Table 2~8. Ground Water Elevations in Select
100-K Area Monitoring Wells,

Page 1 of 5

Casing Ground Water

Elevation Date Elevation

(£t msl) Measured (ft, ms1)
K-11 467.66 5/11/61 398.06
6/17/61 404.21
12/12/61 398.13
2/22/62 398.86
7/6/62 402.96
12/28/62 399,72
7/20/63 406.96
12/11/63 401.04
7/22/64 407.29
b 12/19/64 400.99
. 8/18/65 407.22
9/22/65 404.74
10/20/65 403.71
12/28/65 407.22
3/4/66 406.38
4/14/66 404.05
5/19/66 405.89
7/28/66 408.82
10/21/66 405.62
12/30/66 406.68
4/8/67 410.49
n 6/20/67 418.90
10/13/67 413.94
. 4/24/69 407.12
5/7/70 _ 401.14
C 9/11/71 396.27
- 3/11/72 394.92
- 7/14/72 400.79
10/3/72 396.72
1/5/73 393.83
4712773 393.51
7/7/73 392.24
8/14/73 392.90
8/28/73 392.32
9/13/73 392.04
9/29/73 391.70
10/12/73 391.78
10/19/74 393,79
1/9/75 393.04
4/15/75 393.88
7/8/75 394.72
12/4/75 394.06
6/16/76 396.76
12/9/76 394.60
712777 392.38
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Table 2-8. Ground Water Elevations in Select
100-K Area Monitoring Wells.

Page 2 of 5

Casing Ground Water
Elevation Date Elevation
(ft msl) Measured {ft, msl)

12/8/77 390.45
6/2178 394.10
12/2/78 . 392.89
12/2/79 393.18
6/2/80 395.48
12/2/80 392.64
6/2/81 396.10
12/2/81 393.08
6/2/82 396.02
12/2/82 393.01
6/2/83 395,90
12/2/83 - 394.22
6/2/84 394.45
12/2/84 393.75
6/22/85 394.65
1/4/86 393.57
12/17/86 393.92
3/26/87 393.20
4/24/87 393.39
7/29/87 393.38
12/18/87 393.53
12/7/88 393.80
2/17/89 394.44
6/9/89 395.21
K-20 422.57 12/31/57 415.17
12/28/62 417.87
12/11/63 418.96
7/23/64 418.90
12/19/64 417.84
7/17/65 403.83
8/18/65 406.44
5/22/65 411.06
10/20/65 418.02
12/28/65 404.64
3/4/66 406.49
4/14/66 398.35
5/19/66 415.51
7/28/66 405.63
10/20/66 415.77
12/30/66 405.99
4/7/67 407 .79
6/20/67 414.63
10/13/67 417.48
10/20/67 416.87
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Table 2=8., Ground Water Elevations in Select
100-K Area Monitoring Wells.

Page 3 of 5

Casing Ground Water
Elevation Date Elevation
(ft msl) Measured (Ft, msl)

3/6/68 413.50
6/5/68 409.94
4724169 414,69
5/7/70 397.37
9/11/71 389.83
3/11/72 - 389.22
7/14/72 396.59
10/3/72 389.34
1/5/73 388.59
4/12/73 388.45
7/7/73 385,98
8/14/73 387.91
8/28/73 386.93
9/13/73 386.67
9/29/73 386.17
10/12/73 386.62
5/7/74 391.76
7/24/74 382.886
10/19/74 389.10
1/9/75 387.90
4/15/75 389.03
4/19/76 389.03
3/19/87 386.75
3/26/87 386.91
4/24/87 387.37
7/29/87 386.99
2/17/89 388.75
6=72-73 482 .57 12/5/61 403.00
12/12/61 402.97
2/22/62 402.89
7/3/62 402.61
12/28/62 401.43
7/23/63 403.21
12/7/63 . 399,24
7/15/64 403.92
12/30/64 403.26
7/17/65 406.57
8/18/65 406.09
9/22/65 405.13
10/20/65 404.52
12/28/65 404.09
3/4/66 403,35
4/14/66 402.28
5/19/66 402.26
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Table 2~-8. Ground Water Elevations in Select
100-K Area Monitoring Wells.

Page 4 of 5

Casing Ground Water
Elevation Date Elevation
(ft msl) Measured (ft, msl)

7/28/66 404.49
10/21/66 402.75
12/30/66 402.14
4/8/67 401.66
6/20/67 403.71
9/26/67 404.39
9/28/67 404.35
10/13/67 404.09
10/20/67 404,02
10/28/67 403.94
11/10/67 404.04
11/21/67 404.38
11/28/67 404.27
12/5/67 ' 404.81
12/12/67 406.54
3/12/68 410.83
3/19/68 411.12
4/24/69 404.95
11/13/69 400.38
5/7/70 398.66
9/15/71 400.86
3/11/72 398.24
7/14/72 402.63
10/3/72 400.79
1/5/73 398.52
4/12/73 397.90
7/7/73 398.14
8/14/73 397.30
8/28/73 397.15
9/13/73 397.03
9/29/73 396.87
10/12/73 396.75
1/18/74 396.72
4/22/74 398.09
7/23/74 400.21
10/19/74 398.47
1/9/75 397.34
4/15/75 397.58
7/8/75 399.19
12/4/75 396.51
6/16/76 . 398.67
12/16/76 397.78
7/2]77 396.16
12/8/77 395.53
6/2/78 397.39

WP 2-82



Table 2-8. Ground Water Elevations in Select
100-K Area Monitoring Wells.

Page 5 of 5

Casing Ground Water
Elevation Date Elevation
(ft msl) Measured (ft, msl)

12/2/78 394.68
12/2/79 395.78
6/2/80 396.90
12/2/80 395.82
6/2/81 397.72
12/2/81 396.87
6/2/82 328.57
12/2/82 400.23
6/2/83 398.82
12/2/83 397.14
6/2/84 398.39
12/2/84 397.32
6/14/85 398.34
1/4/86 397.33
12/11/86 397.93
12/12/87 397.44
6/25/88 397.75
12/7/88 397.52
5/23/89 398.23
6/10/89 398.53
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7,000 m*/s) and during peak spring runoff, flows up to 450,000 /s (12,700 m®/s)
have been recorded (McGavock et al. 1987). Monthly mean flows typically peak
from April through June and are Jowest from September through October. Maximum
river depths range from 10 to 40 ft (3 to 12 m) at normal flow rates in the vicinity of
the 100-K Area. Daily river elevations may fluctuate up to 5 ft (21.6 m) because of
hourly water releases from Priest Rapids Dam (ERDA 1975). The monthly average
river temperatures range from approximately 3° C in February to 19° C in August.
There are numerous bends and several islands throughout the Hanford Reach.

There are three important time scales with regard to flow volumes in the
Columbia River. There are daily variations associated with power production at Priest
Rapids Dam and weekly variations associated with power production that reflect
business cycle needs. In addition, there are seasonal variations associated with highly
regulated discharges of the upper Columbia River to meet irrigation, flood control,
and fishery conservation goals.

2.2.4.4 Flooding Potential. Historical records note that the maximum Columbia
River floods occurred in June 1894 and June 1948 with maximum flows of
approximately 740,000 and 690,000 ft*/s (21,000 and 19,500 m?/s), respectively
(McGavock et al. 1987). The likelihood of floods with recurring magnitude has been
significantly reduced since 1948 by construction of several flood control, water storage
and electric power-generation dams upstream of the Hanford Site. The probable
maximum flood, a theoretical maximum flood resulting from the most severe
combination of meteorologic and hydrologic conditions possible in the region, would
produce an approximate peak flow of 1,400,000 ft*/s (39,600 m’/s). A flood of this
magnitude would be expected to inundate much of the 100-K Area (Cushing 1988), as
shown in Figure 2-22. The 100- and 500-yr floods would have a lower flow
magnitude than the probable maximum flood and are not expected to significantly
affect the area.

The potential impact resulting from a hypothetical 50% breach of the Grand
Coulee Dam has also been evaluated by the Army Corps of Engineers. The discharge
resulting from the breach at the outfall of the dam was determined to be
8,000,000 ft*/s (226,500 m®/s) (Cushing 1988), which would flood the 100 Areas, 300
Areas, and most of Richland, Washington, as shown in Figure 2-23.
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2.2.5 Meteorology

Climatological data are available from the Hanford Meteorological Station
(HMS) located between the 200-East and 200-West Areas in the central portion of the
Hanford Site. Since 1945 data have been collected at the HMS, located approximately
7 mi (11 km) south of the 100-K Area. Climatological data from the HMS are
assumed to be representative of conditions at the 100-K Area. Additionally, wind data
have been collected at 13 other sites on the Hanford Telemetry Network. The
precipitation, temperature, wind, and evapotranspiration summaries presented in the
following sections were largely extracted from DOE (1987).

2.2.5.1 Precipitation. The Hanford Site is located within a rain shadow formed by
the Cascade Mountains 80 mi (130 km) to the west. The area is considered a desert,
with an average annual precipitation of 6.3 in. (16 cm). Most of the precipitation falls
during the winter, with nearly half of the annual amount occurring from November
through February. Average winter monthly snowfall ranges from 0.3 in. (0.8 cm) in
March to 5.3 in. (13.5 cm) in January. The record snowfall of 24 in. (62 cm)
occurred in February 1916, but the second highest recorded snowfall was less than
half this amount.

Days with precipitation greater than 0.5 in. (1.3 cm) occur with a frequency of
less than 1% during the year. Rainfall intensities of 0.5 in./h (1.3 cm/h) persisting
for 1 h are expected once every 10 y. Rainfall intensities of 1.0 in./h (2.5 cm/h) for
1 h are expected only once every 500 yr.

The average annual relative humidity is 54%. Humidity is higher in winter
than in summer, averaging about 75% and 35%, respectively.

2.2.5.2 Temperature, Average monthly temperatures at the Hanford Site range
from 29°F (-1.5° C) in January to 76° F (24.7° C) in July. The lowest recorded
monthly average winter temperature was 21° F (-5.9° C), and the highest recorded
monthly average winter temperature was 44° F (6.9° C); both of these records were
set during February. The highest recorded monthly average summer temperature was
82° F (27.7° C), which occurred during J uly. The coolest summer month on record
was in June at 63° F (17.2° C),

2.2.5.3 Wind. Wind roses for 14 locations on the Hanford Site are displayed in

Figure 2-24. The 100-K Area lies approximately equidistant from Hanford Telemetry

Network Stations 13 and the HMS. The wind roses show prevailing winds from the .
northwest, with a secondary maximum for southwesterly winds.
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Figure 2—24. Hanford Site Wind Roses.
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Winds from the northwest quadrant occur most often during the winter and
summer. During the spring and fall, the frequency of southwesterly winds increase
whereas winds blowing from other directions display minimal seasonal variation.

Monthly low average wind speeds are 6.2-6.8 mi/h (10 to 11 km/h). Monthly
peak wind speeds average 8.7 to 9.9 mi/h (14 to 16 km/h) in the summer. Winds are
usually southwesterly and in the summer, the high-speed southwest winds are
responsible for most of the region’s dust storms. In addition, high-speed winds are
associated with afternoon winds and thunderstorms. The summertime drainage winds
are normally northwesterly with average wind speeds up to 31 mi/h (50 km/h). An
average of 10 thunderstorms occur yearly, but the winds do not display a directional
preference.

2.2.5.4 Evapotranspiration. Mean annual evapotranspiration for the area

immediately southeast of the Hanford Site has been estimated to be about 29 in.
(74 cm).

2.2.6 Environmental Resources.

The flora, fauna, critical habitats, land use, water use, and sensitive
environments for the area in and around the 100-K Area are summarized in the
following sections.

2.2,6.1 Flora. The Hanford 100-K Area consists of undeveloped semiarid land with
clusters of industrial buildings connected by a surface network of roadways, railroads,
and electrical transmission lines. A significant amount of the active flora in the 100-K
Area has been disturbed as a result of construction, reactor operation, and deactivation
activities. Vegetation is controlled in contamination zones using nonselective
herbicides. The natural vegetation consists mostly of a sparse covering of desert
shrubs and drought-resistant grasses. The predominant vegetation type is the
sagebrush/cheatgrass/bluegrass community, and bitterbrush and rabbitbrush are also
common shrubs (DOE 1987; Jacquish and Mitchell 1988). A narrow riparian zone,
consisting of grasses and herbs interspersed with a few scattered deciduous shrubs and
trees, exists along the banks of the Columbia River.

Table 2-9 includes state-designated endangered and threatened flora that could
potentially exist at the Hanford Site. State designations are as strict as or stricter than
federal designations. The endangered persistent sepal yellowcress, generally found in
moist to marshy places, is known to inhabit the Hanford Reach shoreline of the
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Table 2-9. Washington State List of Endangered Flora Species
Having the Potential to be Found on the Hanford Site.

Endangered Vascular Plants
Persistant sepal yellowcress (Rorippa columbige): XKnown to have a scattered
distribution because of specmhzed habitat requirements or habitat loss; generally occurs
in moist to marshy places and is known to inhabit the wetted shoreline of the Hanford
reach of the Columbia River in Benton County.

Threatened Vascular Plants

Columbia milk-vetch (Asfragalus columbianus): Locally endemic to the area in the

.. immediate vicinity of Priest Rapids Dam, mcludmg a portion of Benton County; could

potentially occur along the. Columbia River in the northwestern portion of the Hanford
Site.

Eatonella (Eafonella nivea): Known to occur along the Columbia River in Grant County;
could potentially occur along the river in the northern portion of the Hanford Site.

Hoover’s desert parsley (Lomatium_tuberosum): Locally endemic to southcentral
Washington, including Benton County; known to inhabit rocky hillsides.

Sources: DOE 1987; Hitchcock and Crunquist 1978; Department of Natural
Resources 1987; Department of Wildlife 1987.
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Columbia River. Therefore, this endangered species could potentially occur along the
river shoreline of the 100-K Area.

Several threatened plant species are located within or near the Hanford Site.
Eatonella is known to occur along the Columbia River in nearby Grant County and
could, therefore, potentially occur along the Columbia River in or near the 100-K
Area. The Columbia River milk-vetch is locally endemic near the vicinity of Priest
Rapids Dam. It is unlikely that this species would be encountered near the 100-K
Area. Hoover’s desert parsley is known to exist in Benton County, but appears to
inhabit only rocky hillsides and is thus unlikely to occur at the 100-K Area.

2.2.6.2 Fauna. Predominant fauna of the sagebrush/grass community that could
potentially reside in or near the 100-K Area are the cottontail rabbit, jackrabbit, Great
Basin pocket mouse, horned lark, and the western meadowlark. Mule deer, elk,
coyotes, and various species of raptors forage in this habitat type, and grasshoppers
are the most conspicuous insects in the community (DOE 1987).

Dominant fauna along the Columbia River include muskrat, porcupine,
raccoon, quail, pheasant, and waterfowl (ducks and geese) (DOE 1987). The long-
billed curlew is also known to nest within the cheatgrass habitat in the 100-K Area
(Allen 1980). A spit on the south side of the island at the tip of the peninsula between
the 100-D/DR and 100-H Areas and about 5 mi (8 km) downstream from the 100-K
Area serves as the primary loafing and staging area for curlews from the Hanford Site
and the Wahluke Slope (Allen 1980). Peak waterfowl use occurs from late December
through mid-January. Great Basin Canada geese have historically nested on the
sparsely vegetated islands in the Hanford Reach of the Columbia River. A resident
flock of Canada geese nests on islands in the Columbia River near 100-D/DR Area
about 5 mi (8 km) downstream from the 100-K Area (Fitzner and Rickard 1983).
Goose nests established on these islands have been counted each year since 1953
during the nesting season. The results have varied each year with a general upward
trend occurring in recent years as shown in Figure 2-25. The shift may be attributable
to the increase in coyote population in the upstream islands (Jacqulsh and Bryce

1939).

The Columbia River itself provides habitat for a wide variety of fish.
Important game species are chinook salmon, steelhead, coho salmon, sockeye salmon,
smallmouth bass, largemouth bass, sturgeon, walleye, yellow perch, and channel
catfish. The Hanford Reach provides the most important area in the main stem of the
Columbia River for fall spawning Chinook salmon. Increases in this population over
the years are responsible for attracting numerous bald eagles to the area in the fall and

WP 2-92




DOE/RL-90-21
DRAFT A

winter to feed on the spawned-out salmon carcasses (Jacquish and Bryce 1989) as
shown in Figure 2-25.

Table 2-10 also lists the state endangered and threatened fauna that could
potentially occur at the Hanford Site. The American white pelican and the Aleutian
Canada goose are endangered animal species which occasionally occur on and along
the Columbia River near the 100-K Area. During 1989, the population of white
pelicans along the Hanford Reach of the river increased from a transient population of
only 7 to 12 birds to a population of more than 50 birds.

The bald eagle and ferruginous hawk, both threatened species, are frequent
visitors to the Hanford Site. Bald eagles spend the winter months along the Hanford
Reach of the Columbia River and use groves of tall trees along the river as a roosting
site. Ferruginous hawks nesting pairs have been counted on the Hanford Site since
1977 (Figure 2-25). The trend toward population increases is attributed to the hawks’
attraction to recently constructed electrical transmission line towers as nesting sites
(Jacquish and Bryce 1989).

2.2.6.3 Critical Habitats. The roost trees and foraging areas of the bald eagle and
ferruginous hawks are regarded as critical habitats and ‘must, therefore, be protected
(Washington Department of Wildlife 1987). Since the other endangered and
threatened animal species that use the 100-K Area environment are transient by nature,

" no other critical animal habitats have been declared in that area.

If the endangered persistent sepal yellowcress or the threatened eatonella are
found to exist within or near the operable unit, the area of their occurrence would
constitute a critical habitat for such plants. No specific information to the occurrence
of these species within the project boundaries is currently available.

2.2.6.4 Land Use. Access to Hanford Site is administratively controlled and is
expected to remain this way for the foreseeable future to ensure public health and
safety and for reasons of national security (DOE 1987). The site is currently zoned as
an unclassified use district by Benton County. Under the county’s comprehensive
land-use plan, the Hanford Site may be used for nuclear related activities. Non-
nuclear activities are authorized only on approval from DOE (DOE-RL 1988).

Immediately north and across the river from the 100 Areas are the 32,100-acre
Saddle Mountain National Wildlife Refuge and the 55,600-acre Washington
Department of Wildlife Reserve (Figure 1-1). These lands provide a buffer zone
around the reactor complexes (DOE 1987).
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Table 2-10. Washington State List of Endangered and Threatened
Fauna Species Having the Potential to be Found on the Hanford Site.

Page -1
Endangered Birds

Aleutian Canada goose (Branta canadensis leucopareia): Nests in the Aleutian Islands

of Alaska and winters in California; has been occasionally sighted, as a migrant, in
Benton, County; a potential seasonal user of the Columbia River valley, feeding on
grasses, sedges, and berries.

American white pelican (Pelecanus erythrorhynchus): Winters along the southern
Pacific Coast and the Gulf Coast and nests in northern prairie and

intermountain lakes; no longer nests in Washington; migrates through eastern
Washington; flocks are common in the Columbia Basin during the summer; known to
occasionally winter on the Columbia River, foraging on fish, amphibians, and crustaceans
and roosting on islands.

Peregrine falcon (Falco peregrinus): Breeds and winters in eastern Washington,
inhabiting open marshes, river shorelines, wide meadows and farm]ands; nests on
undisturbed cliff faces; an erratic visitor at the Hanford Site, feeding on songbirds,
shorebirds, and waterfowl.

., Sandhill crane (Grus canadensis): Inhabits open prairies, grainficlds, shallow lakes,

marshes, and ponds, nesting in drier grassy and marshy areas; common migrant during
the spring and fall in Washington; some known and suspected nesting sites in eastern
Washington; unlikely visitor at the Hanford Site.

Upland sandpiper (Bariramig longicauda): Inhabits ungrazed and lightly grazed
prairies, upland meadows, and fields that are usually located near lakes or rivers; breeds
in the northern and central portions of North America and winters in South America;
uncommon in eastern Washington; a potential migratory visitor at the Hanford Site,
feeding on insects, worms, and some vegetation.

Western snowy plover (Charadrius alexandrus): A coastal species rarely observed in
eastern Washington.
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Table 2-10. Washington State List of Endangered and Threatened
Fauna Species Having the Potential to be Found on the Hanford Site.

Page -2
Threatened Birds

Bald eagle (Haligeetus leucocephalys): A regular winter visitor to the Columbia River,
feeding on spawning salmon and perhaps waterfowl and small mammals; roosting areas
are known to exist in the 100 Areas of the Hanford Site (roost sites and winter feeding
areas constitute critical habitats for this species).

Ferruginous hawk (Bufeo regalis): Inhabits open prairies and sagebrush plains, usually
with rocky outcrops or scattered trees, located well away from human disturbance; known
to nest in Benton and Franklin counties, with Franklin County possessing the majority of
the nests within Washington; known to nest in the Hanford Site on the Arid Lands
Ecology Reserve; rarely winters in Washington; known to occasionally forage on small
mammals, birds, and reptiles on sagebrush plains in the Hanford Site.

Threatened Mammals

Pygmy rabbit (Sylvilagus idahoensis): Inhabits undisturbed areas of sagebrush with soils

soft enough in which to dig burrows; once known to exist on the Hanford Site near
springs in the Snively Basin west of the 200 Area plateau in the Rattlesnake Hills.

Sources: DOE 1987; Hitchcock and Crunquist 1978; Department of Natural
Resources 1987; Department of Wildlife 1987.
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Land uvse in the area surrounding the Hanford Site consists primarily of
irrigated and dry-land farming, livestock grazing, and urban and industrial
development. Agricultural lands are found north and east of the Columbia River and
south of the Yakima River. Principal agricultural crops include hay, wheat, potatoes,
corn, apples, soft fruit, hops, grapes, and vegetables. Most industrial activities in the
arca are associated with either agriculture or energy production (DOE 1987).

2.2.6.5 Water Use. The 100-K Area has two National Pollutant Discharge
Elimination System (NPDES) discharges (outfalls) under Permit No. WA-000374-3.
These outfalls are designated 003, which is the 181-KE inlet screen backwash, and
004, which is the 1908-K effluent discharge outfall. This permit is being renegotiated
with EPA. The following measurements are required for the nonradioactive 100-K
discharges: flow rate, suspended solids, temperature, pH, and chlorine.

2.2.6.5.2 Ground Water. The nearest known domestic use ground water well
is Jocated about 6 mi (10 km) upstream at the Vernita Bridge rest area. Because of
the surrounding land use, the nearest that a private well could be located to the 100-K
Area would be approximately 4 mi (6 km) to the north across the Columbia River,

2.2.6.6 Sensitive Environments. The Columbia River’s importance as a recreational
resource and a regional source of drinking and irrigation water, as well as being a
productive habitat for waterfowl, economically important fish species, and transitory
endangered and threatened wildlife, could merit special concern for the environment
during implementation of remedial activities at the 100-K Area. Because of the
presence of critical bald eagle habitat (Section 2.2.6.3), the 100-K Area and vicinity
could be regarded as a sensitive environment, as defined in 40 CFR Part 300,
Appendix A,

The Columbia River is regarded as an important environment with respect to
the 100-K Area. The Hanford Reach has been designated a class A (excellent) surface
water by the state of Washington (WAC 173-201-080[2]). This designation requires
that water quality be maintained for the following uses (WAC 173-201-045[2][b]):

®  Domestic, industrial, and agricultural water supply
m  Stock watering

®m  Fish and shellfish migration, rearing, spawning, and harvesting

m  Wildlife habitat
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®  Recreation (including primary contact recreation)
®  Commerce and navigation.

The Hanford Reach is also being considered for status as a national wild and scenic
river (Jacquish and Bryce 1989).

2.2.7 Human Resources

2.2.7.1 Demography. No one resides on the Hanford Site. Land use, in the area
precludes any residential unit being closer than 5 mi (8 km) to the 100-K Area. The
working population for the entire 100 Area numbers approximately 760 (EPA 1988b).

2.2.7.2 Archaeological Resources. Archaeological sites are found in various
locations on the Hanford Site, several along the Hanford Reach of the Columbia
River. Many of the Hanford historic sites are listed in the National Register of
Historic Places in Archaeological Districts. The Ryegrass Archaeological District
overlaps the 100-K Area operable unit and includes three archaeological sites. Two of
the sites (45BN149 and 45BN151) are camp sites; the third is a cemetery used from
prehistory into recent times (Rice 1980). Site 45SBN150 is located inside the

100-KR-1 operable unit. In addition to its National Register listing, this site is
considered to be sacred by the Wanapum and Yakima Indian people. Upstream of the

'100-K Area is the proposed Coyote Rapids Archaeological District. Consisting of

sites 45GR312, 45GR313, 45GR314, and 45BN152, this district was nominated to the
National Register, but rejected for lack of information (Cushing 1988). Additional
archaeological resources may exist along the Columbia River immediately adjacent to
the 100-K Area, in areas that have not been surveyed for cultural resources.

2.2.7.3 Historical Resources. The Coyote Rapids, located immediately upstream of
the 100-K Area, is the site of two historically important properties. During the 1850s,
events took place at a camp on the Columbia River’s south bank near Coyote Rapids
that were of great significance to the Northwest Indian people. It was here that
Smobhalla, prophet of the Wanapum people, held the first washat or dance ceremony
of what is now referred to as the Dreamer or Seven Drums religion (Relander 1956).
As a result of Smohala’s personal abilities, the religion spread to many neighboring
tribes, and is now practiced by members of the Colville, Nez Perce, Umatilla, Warm
Springs, and Yakima tribes. The place where this event is thought to have occurred is
archaeological site 45SBN152.
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The second event was the development of irrigation in the Hanford area. In the
early twentieth century, a business consortium from Seattle constructed an electrical
plant at Priest Rapids and a pumping station just above Coyote Rapids to supply water
to the Hanford Ditch. Without this development, the towns of White Bluffs and
Hanford would not have prospered. The irrigation system is now represented by the
pumping plant, known as the Allard Pumping Plant, and segments of the Hanford
Ditch.

2,2,7.4 Community Involvement. The involvement of the potentially affected
community with respect to the RI/FS for the 100-KR-4 operable unit is described in
the Community Relations Plan (CRP) that has been developed for the Hanford Site
Environmental Restoration Program. The CRP includes a discussion and analysis of
key community concerns and perceptions regarding the project, along with a list of all
Interested parties. ‘
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facilities such as septic systems. (Known lithologic variations within the Ringold
Formation are discussed in Section 2.2.2.1. Impacts of previous usage of onsite
facilities are discussed in Section 2.2.3.2.6.)

It is expected that the water levels in the wells closest to the river fluctuate on
the order of several feet in conjunction with fluctuations in river levels near the 100-K
Area. Changes in the river level near the 100 Areas can be attributed to fluctuation in
flow through the upriver Priest Rapids Dam. In the 100-H Area, fluctuations of about
10 ft (3.0 m) in the river level result in fluctuations of about 2 ft (0.6 m) in the water
level in a well about 1,000 ft (300 m) from the river, as shown on Figure 2-18. A
similar condition is assumed to exist in the 100-K Area. The flow gradient will
change in response to river levels and may periodically reverse near the river. The
river effect may even be greater in the 100-K Area, as compared to the 100-H Area,
based on the relative orientations of the areas with respect to the river system, local
lithology, and width of the river channel.

The changes in the ground water levels as a function of time may have affected
ground water quality in the 100-K Area and in surrounding areas. For example, at
the eastern end of the 116-K-2 trench, which is near the 100-N Area, ground water
may periodically flow toward the 100-N Area (and vice versa), depending on the

relative sizes of ground water mounds beneath the 100-K and 100-N Areas. When the
mound beneath the 100-K Area was large, it may have driven contaminants toward the
east and northeast.

Ground water flow directions and rates in the deeper, confined aquifers may be
different than in the unconfined aquifer. For example, in the uppermost basalt
aquifer, the flow direction may be to the south-southeast (Gephart et al. 1979, Graham
et al. 1984).

2.2.3.2.4 Ground Water Recharge and Discharge. Recharge and other
inflow to the shallow ground water system beneath the 100 Areas may include: the
fluctuating water level of the Columbia River; percolation of precipitation; upward
leakage of ground water from the deeper confined aquifers; lateral flow of unconfined
ground water; and locally by recharge resulting from discharge of production water.
The system discharges through similar mechanisms, e.g., discharge to the river and
gvaporation.

2.2.3.2.4.1 Ground Water/Surface Water Exchange. Ground water in the

upper portion of the unconfined aquifer is known to discharge to the Columbia River
along the river bank north of the 100 Areas. The discharges have apparently
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decreased since production operations ceased. Review of photographs indicate the
occurrence of warm water seepage below the 100-K Area, implying a relatively
shallow source for the seepage, e.g., lateral migration of water from cribs and
trenches in the production areas. Shallow ground water that is not discharged directly
to the river may flow downstream as subchannel flow. Deeper in the
hydrostratigraphic section, e.g., producing layer *C’ and deeper, the river probably
does not interact directly with ground water.

2.2.3.2.4.2 Precipitation. The amount of recharge from precipitation varies
at different locations on the Hanford Site, depending on rainfail intensity and
distribution, vegetative cover, soil texture, subsurface layering, and depth to ground
water. Kirkham and Gee (1984) estimate that recharge is 1 to 3 in./yr (0.025 to
0.076 m/yr) for grass-covered soils. In areas covered with deep-rooted plants, little
or no recharge occurs (Gee et al. 1989; Routson et al. 1988).

2.2.3.2.4.3 Upward Leakage. The potential for upward leakage of ground
water from deeper confined aquifers exists, due to the fact that the potentiometric
surface elevation is generaily higher than the water table elevation (Gephart et al.
1979). However, the quantity of such leakage, if any, has apparently not yet been
determined in the 100 areas, and its impact is poorly understood.

2.2.3.2.4.4 Lateral Flow and Site Discharges. Lateral ground water flow is
from the south under natural conditions. However, the presence of a ground water
mound underneath the 100-K Area during reactor operation may have locally
overridden the natural gradient. Intentional and unintentional release of production
water to facilities including septic tanks, cribs, ditches, ponds and leaking retention
basins apparently created mounding beneath the site.

2.2.3.2,5 Historic Effects of 100-K Area Operations. Comparison between
the water table elevations in 1967 and 1989 provides a partial understanding of the
differences in ground water conditions before and after reactor operations. During the
operation, a ground water mound existed as shown by the 1967 data (Figure 2-19).
This mound locally elevated the water table as much as 25 ft (8 m) above the 1989
conditions. This increased elevation probably had several effects including reducing
water table fluctuation due to river elevation changes. Of greater concern is the
increased potential for downward contaminant migration, due to the opportunity for
contaminated water recharging the water table coupled with increased hydraulic heads,
and lateral migration in almost all directions away from the site. Once production
ceased, the ground water elevations reverted to "natural" conditions. Contaminants

WP 2-73/(WP 2-74 blank)
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3.0 INITIAL EVALUATION

This chapter begins with a discussion of the known and suspected contamination
sources in the environmental media in 100-K Area. An evaluation of these data is
presented and, together with other information, is used to develop a site conceptual
model for contaminant transport. Potential ARARs are presented for comparison with
existing contaminant levels and evaluated. Finally, preliminary remedial action
objectives, general response actions, remedial technologies and remedial alternatives
are presented. The preliminary remedial action alternatives are based on the currently
available site and contaminant information, site conceptual model, preliminary risk
assessment, and potential ARARs.

3.1 KNOWN AND SUSPECTED CONTAMINATION

The following sections present known and suspected contaminant sources and
current knowledge about the extent of the environmental contamination in 100-KR-1,
100-KR-2, 100-KR-3, and 100-KR-4 operable units. Previous sampling in the 100-K
Area focused on locating and quantifying radioactive species. Some historical data are
available on the use of inorganic chemicals, but characterization efforts have generally
not included analyses for nonradiocactive inorganic species. Virtually no historical
information on sampling and analytical data are available on the use of, or
contamination by, organic species. A goal of this RI will be to gather data on the
distribution and concentration of nonradioactive inorganic and organic species.

The 100-K Area soil and sludges were studied during 1975 and 1976 when
Dorian and Richards attempted to quantify residual radionuclide contamination. Their
results were published in a 1978 report which is used as a primary reference for this
work plan. The data generated for this report were used for the hazard ranking
system (HRS) evaluation of the Hanford Site, the Waste Information Data System
(WIDS) database maintained by Westinghouse Hanford, and this work plan.

Dorian and Richards 1978 did not evaluate all radionuclides of concern. In
particular, ®Ni, which is generally present at activity levels on the same order of
magnitude as ¥Co, were reported for only some samples, and daughter product
radionuctides of ®Sr and ’Cs, which have approximately the same activity level as
the parents, were not reported at all.

WP 3-1
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3.1.1 Sites

The Hanford Federal Facility Agreement and Consent Order (Ecology et al.
1989) lists five waste sites in 100-KR-1, 15 waste sites in 100-KR-2, and 13 waste
sites in 100-KR-3. The Hanford Site Waste Management Units Report (DOE-RL
1989) lists 12 additional contaminant sources in 100-KR-2 and six additional
contaminant sources in 100-KR-3. Figure 3-1 and Table 3-1 locate and profile the
waste sites and additional contaminant sources within these operable units.

The 100-KR-4 ground water operable unit covers an area which encompasses
three source operable units, two of which (100-KR-2 and 100-KR-3) are scheduled for
investigation later in the environmental restoration process. It has been recognized
that there is a need for early identification of specific contaminant sources within these
lower priority operable units that may be significant contributors to ground water
contamination. To that end, a strategy is under development for streamlining the
RI/FS process. The strategy provides for accelerating the decision-making process by
maximizing the use of existing data and conducting near-term abatement actions in
situations which represent imminent and substantial endangerment (ISE) and/or interim
response action (IRA) cases.

Individual waste sites within the 100-KR-4 aggregate area have been reviewed
and evaluated to determine if the site should be included as a candidate for an ISE or
IRA. In the absence of detailed information, professional judgment has been
exercised. The process is, however, subjective and has not led to a quantitative
ranking of the sites. Preliminary criteria have been developed which were used to
determine if a waste site is potentially an ISE or IRA. Considerations used to rank
individual waste sites as significant (ISE warranted), minor (JRA warranted) or
insignificant (no near-term action warranted) were: nature and physical state of the
contaminant, pathway through the ecosystem, travel time through the environment,
distance to potential receptors, volume and concentration of potential contaminants,
possible exposure levels, protection of human health and the environment, and
implications of a delay in abatement actions.

The ratings were based on information contained in the WIDS and other
individual information sources. Since existing information is often incomplete, not all
criteria could be adequately assessed. Because of the lack of detailed information
additional considerations were often used such as duration that the site was in
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Table 3-1. Profiiss of Waste Sites and Other Structures Within the 100-X Arss,

Y 4LEIVIA
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page 1 of &
Vaste site/
stroture Process stream
designation Associated received
nurber facilities pDescription Years in service or handled Waste characteristics
116-K-1 100-K crib Effluent crib 1955-1955 Effluent from 107-KE snd 107-XW 46 Ci
retention basins on ont or tuo 10,000 counts per minute
occurrences of high activity due to
fuetl element failure 40-kg sodium dichromate
116-K-2 100-X trench Effluent trench 1955-1971% Effluent from 107-KE and 107-XW 2,100 cl
retention basins st times of high 1,000-12,000 counts per
activity due to fuel element minute misc water
failure treatment chemical
additives
116-K-3 1908-K Outfall structure 1955-Present Cooling water; discharge to river Ho reported dats
HPDES Permit No. WA-00374-3
116-KE-& 107-KE Three cooling water retention 1955-1971% Cooling water from 105-KE resctor 6.2 Ci soil/fill
basins & adjmcent area near 2,000 counts per
tanks minute - culvert area
116-KM-3 107-ku Three cooling water retention 1955-1970 toolfng water from 105-KW resctor 3.9 Cf soil
basins & sdjecent ares near 2,000 counts per
tanks minute - culvert area
00-KR-2
116-KE-1 115-KE Percolation crib 1955-1971 Condensate and other ges wastes Avg. Beta-Gowma 4.5(10%)
(40 X A0 X 26 ft) from reactor gas purificstion pCi/g (1981) Total
systems; Ci<240
116-KE-2 1706-KER percoiation crib 1955-1971 From 1957 to 1964, sfte received Av Beta 4.3(10°) pCi/g
(16 % 16 X 32 fr) wastes from cleanup colums in 17056 €1951) 100,000-kg sodium
KER loop; hydroxide Total 38 Ci
116-XE-3 105-KE basin percolstion French drain 1955-1971 site received subdrainage from the Ko reported data
105 KE fuel storsge subdrainage
Received weste from 105-KE fuel
storage basins
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Table 3-1. Profflus of Waste Shes and Other Structures Within the 100-X Arsa,

Page 2 of &

streture Process stream
designation Associated recefved
number facilities Description Years in service or handled Wegte characteristics
116-KE-5* 150-KE Heat Exchangers 1955-1971 Trace radicactive contemination No reported data
remain in piping
116-KE-E(A-D)* 1706-KER Storage tenks 1986-Present Mixed waste Ko reported data
116-ku-1 115-xd Percolation crib 1955-1971 Site recelved condensate and other Beta-Gamra -~
(40 X 40 X 26 ft) wastewater from reactor gas 4.5¢10%PCisg
purification systems; Pu-239/240 - 2.1 pCi/g
Total 240 Ci
116-xu-2 105-KM Percolation French drain 1955-1970 Lou-level wastes from subdrainege Fo veported data g )
(10 ft diam X 39 ft) out of 105-KW storage basin; % O
i
116-Ku-&* 150-K¢ Heat Excheangers 1955- 1970 Trace of radioactive contamination No reported data P
remain in piping =
118-K-1 100-K guriatl ground 1955-1975 Mixed solid weste: contsins Total 14,000 Ci = 8
numerous trenches > t!J
fory
118-K-2 surfal ground — Sludge from 107-K retention baain Ko reported data
cleanup
118-%-3 1706-KE Filter erib — Effluent from cooling loop studies Reported to be non-
and other RED in 17056-KE radiosctive
118-KE-1* 105-KE Reactor building 1955-1¢71 Mixed waste, some highly

radjoactive: this unit consists of
(1) reactor block with graphite
moderator stack, biological and
theymal shields, pressure tubes,
safety and control systems,
fncluding irradiated moderator rods
and 3X emergency moderator balls;
(2) Irradiated fuel storage basin;
(3) contaminated portions of XE-
reactor building 58,000 CY of
radionuctides, 167T Pb, 25,000 ft*
of asbestos
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Table 3-1. Profiles of Wasts Sites and Other Structures Within the 100-X Area.

page 3 of 6

strcture Process stream
designation Associated received
v faciltities Description Years in gervice or handled \aste characteristics
118-KE-2* 105-KE KE Thirble cave 1955-1971 Used for storing radicactive No reported data
rodtips pending later dispossl;
trace radionuclides remain
118-K4-1* 105-xd KW resctor bullding 19551970 As with XE (1) reactor block with —
shields; (2) [rradiated fuel
storage baszin; (3) contsminated
portions of 105-KW building, 51,000
ci, 1557, Pb, 25,000 ft’ of asbestos
118-xM-2 105-x¥ KW Thimble cave 1955~Present Used for storing radicactive rod Ko reparted date
. tips; currently & rods plus other
rod removal components; radiation
at entrance With open door is 50
mrad/hr
130-X-1 117K Storage tenk Teank s filled with vater and trace No reported data
gesol ine; z0fl colum not
conteminated. Tank removed in 1989
130-K-2 117-K Storage tank 1955-1972 A saall pool of motor oil remains No reported dats
in this tank; sofl column not
conteninated. Tank removed in 1939
130-KE-1 115-KE Biﬂ:el fuel storage tenk 2,000 1955-1911 Fuel ofl tank empty No reported data
galion
130-KE-2 165-KE Fuel ofl atorage bunkers 1955-1971 2,000 gal remsin §n concentrate No reported data
1,650,000 gal cepacity tonk; used for firing 16 XE boilers
130-KM-1 1150 Diesetl fuel storsge tanks 1955-1970 Diesel, empty tank Konhazardous
2,000 gal cepecity
130-KkM-2 165-xu Fuel storage tank 1955-1970 1dentical to 130-XE-2 No reported data
132-KE-1* 105-KE Stacks top 125 fr of 300 ft 1955-1971 Low-level waste; Decontaminsted prior to

stack demolished and remains
in center of stack

demolition of top 125
fr.

YV LAVIA
1Z-06- /304
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Table 3-1. Profiles of YWaste Sites and Othsr Structures Within the 100-K Area.

Page 4 of &

Process stream

strcture
designation Asseciated received
number facilities Description Years in service or handled Heste characteristics
132-Ku-1* 105-kW Stack 1955-1970 Identfical to 132-K&-1 Decontaninated prior to
c!emcnf Uitfon of top 125
t.
1607-K4/124-X2 1704-K, Septic tank 1955-pPresent Receiven sanitary seuage from No reported data
LLA Tl . offices and maintenance shop; flow .
rate of {1,750 gpd
1607-K6/124-Ku-1 105-Ki Septic tank 1955-Present Recefjves sanitary sewage from KM
115~k reactor building, 115-XW ges
165-Kku recirculation building snd power
. house flow estimated at 100 gpdo
reported data
UN-100-K-1 105-XE Leak from pickup chute ares NA Mixed liquid weste from KE reactor No reported data
storage basin; first detected
during conversfon to 100-N fuel
storage in 1973 - then & gph in
April 1979 450 gph rate detected
00-KR-
120-KE-1 L183,1-XE Percolation reverse well; 1955-1971 Ssulfurlc acid studge from the 200-kg mercury
drywell 4 x & x & ft sulfuric acid storage tanks
120-KE-2 183.1-KE Percolation French drain. 3 ft 1955-1971 Sulfuric acid sludge from the 200-kg mereury
diem. x 3 ft sulfurie scld storage tanks
120-xE-3 Percolation trench 1955-1970 Sul furie acld sludge from the 700-kg mercury
o x3Ix3fv) sulfuric acid storage tanks
120-Xy-1 183.1-k Percolation reverse well; 1955~1970 Sulfuric acld sludge from the 200-kyg mereury
drywell; &4 x & x & ft sulfuric acid storage tanks
120-Kw-2 183.1-x0 Percolation French drain; 3 ft 1955-1970 Sulfuric acid sludge from the 200-kg mercury
diam, 2 3 ft sulfuric acid storage tanks
120-KW-5 183.1-kW Sodium dichromate storage 1955-1970 No documented relesses Evidence of residual

tank; removed in 1970;
concrete base and piping
remains

dichromate in the sofl

V LAVAA
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Table 3-1. Profiles of Woste Sites and Cther Structures Within the 100-K Area.

Page S of &

streture Process stream
designation Assoclated recejved
nurber facilities Degeription Yesrs in service or handled Maste characteristics
120-KE-6 183.1-KE Sodium dichromate storage tank 1955-1971 Ho documented releases Evidence of residual
removed in 1971; concrete base dichromate in the soil
and piping remains
128-k-1 100-x pit Burning pit 100 x 100 x 10 £t 1955-1971 Used for the disposal of No reported data
nonradicactive combustible waste
such as paint, office and chemical
solvents
130-K-3 182-K Two-17,000 gal diesel oit 1995-1972 Fuel oil No reported data
storage tanks; tanks are
drained
1607-%-1 1701-K Septic tank 1955-present Sanitary seisge from the 1701-X and Estimeted daily flow of
1720-% 1720-K buildings 350 gal
1607-K-2 183-KE Septic tank 1955~-present Sanitary seuwage from the 183-XW flow unknown
water treatment plant
1607--3 183-kd Septic tenk 1955-1970 Sanftary sewage Waste smount unknown
1607-K-5 1706-KER Septic tank 1955-present Sanitary sewsge Estimated daily flow is
1706-X 700 gal
165-KE
105-KE
115-KE
120-KE-4% 183.1-KE sulfuric acid storage tank 19551971 Supply pipe from tank Lesked to Leaked unknown quantity
(10,109 gat.) tank has besn 183.1-building at NE corner of sulfuric acid
drained and neutralized
120-KE-5* 183.1-KE sul furic ecid storage tank 1955-1971 Ho leakage reported o leakage reported

(10,109 gal.) tank has been
drained and neutralized

V LIVIEA
1¢-06-T3/30d
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Table 3-1. Profies of Woste Sites and Other Structuras Within the 100-K Arsa,

Page 6 of 6

strcture Process stream
designation Associated received
nurber fecilities Deseription Years in service or handled Waste characteristics
120-K4-3* 183.1-kM 10,109 gal sulfuric acid 1955-1970 Supply pipe from tank to 183.1 Leaked unknown quantity
storage tank; tank hss been building (eaked of sulfuric acid
drained and neutralized
120-Kd-4* 183.1-x1 10,109 gat sulfuric scid 1955-1970 No [eakage reported No leakege reported
storage tank; tenk hes been
drained and neutralfzed
126-XE-2* 183.1-KE 180,000 gal alum storsge tank 1955-1971 Currently being used to store purge Honhazardous waste
wuater from monitoring wells or alum
for processing water
126-KE-3* 183.1-XE 180,000 gal alum storage tank 1955-19711 Currently being used to store purge Nonhazardous waste

* Bullding structure of sther weats sowos located within the opstable unit,

water from monitoring wells or alum
for processing water

VYV LIAVAQ
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service, time since the site was last used, and potential to leach by meteoric recharge
to the ground water system.

Since the main focus for the 100-KR-4 operable unit is ground water and it is
the primary environmental media subject to an ISE or IRA, ground water was used as
the focus during the rating process. However, it is recognized that the waste units
themselves, as well as contaminants contained in the vadose zone, may represent a
continual source of ground water degradation.

One critical aspect of the process that has not been developed is the definition
of criteria which would trigger an immediate or near-term abatement action. For the
purpose of this work plan the process is perceived as an iterative one whereby new
information gained from the remedial investigation is evaluated in a preliminary risk
assessment. The risk assessment would then be used to help define action and,
ultimately, clean-up criteria.

The following sections describe individual waste sources by operable unit. As
discussed above, the focus of the ranking system was ground water and data are
limited. Based on the limited data available the rating was indeterminate; but it
appears that no waste sources are candidates for an ISE or IRA. However, wells will
be or are placed downgradient of all substantial waste handling facilities contain in
each of the three source operable units. Early in the RI process ground water will be
tested for a broad range of contaminants in each of the wells., The results of these
tests may serve to focus on contaminant sources not currently recognized as a potential

ISE or IRA case.

3.1.1.1 Sources in 100-KR-1 Operable Unit. The major sources of contamination
in the boundaries of 100-KR-1 operable unit are associated with the cooling water
effluent system. A discussion of the cooling water circuit appears in Section
2.1.4.1.1. During normal operations, cooling water flowed in underground pipes
from the reactors to the 107-K retention basins, then discharged to the Columbia
River. The cooling water was contaminated with relatively low concentrations of
radionuclides and hazardous chemical species, including chromium. Cooling water
with elevated concentrations of radionuclides (a result of a fuel cladding failure) was
generally diverted to the 116-K-2 trench and disposed of to the soil column.

During reactor operations, contaminated sludge accumulated in the bottom of
the retention basins. As an interim action, sludge was removed from the basins on at
least one occasion and reportedly transferred to a burial ground located adjacent to the
107-KE retention basins. This burial ground was not designated as a waste site in the

WP 3-11
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Hanford Federal Facility Agreement and Consent Order. This site has been numbered
as site 118-K-2 for reference throughout this work plan. The following subsections
discuss the known and potential contaminant sources associated with the water effluent
system.

3.1.1.1.1 Waste Sites 116-KE~4 and 116-KW-3 (Retention Basins). These
waste sites include the six 107-K retention basins. The 107-K retention basins are
significant waste sites for the 100-K Area. Each basin was constructed with welded
carbon steel plate, and is 250 ft (83 m) in diameter and 20 ft (7 m) high, mounted on
reinforced concrete foundations. Each inlet structure consists of a 72 in. (183 cm)
pipe leading to an outlet chute that discharges at the bottom of the basin. The basins
were used from 1955 to 1971 to retain effluent cooling water from the 105-KE and
105-KW reactors. The basins allowed for thermal cooling of circulated water and
decay of short-lived isotopes before release to the Columbia River. In 1971 the basins
were deactivated, pipe entrances were covered for wildlife control, walls were washed
down, and approximately 2 ft (0.7 m) of dirt was placed at the bottom of each basin.

During operation, basins frequently developed leaks. Leakage rates were
estimated at 10,000 to 20,000 gal/min. The first indications of large leaks occurred
prior to 1965 when extensive ponding reportedly developed between the basins and the
road directly to the north. Two to 3 ft (0.7 to 1.0 m) of fill was placed in this area to
prevent ponding, Cooling water that leaked from the basins flowed overland and
under the road by way of a culvert. Since the basins were less than 1,000 ft (330 m)
from the shoreline, it was common occurrence for leaked effluent to reach the
Columbia River. Predominant radionuclides present in the soil column as a result of
cooling water leaks and waste disposal are *H, “Co, ®Ni, *Sr, *'Cs, '“Eu, %Eu, and
ISSEU.

Twenty-four samples from 12 locations were collected inside the 107-KE and
107-KW basins. The locations of these samples are shown in Figure 3-2. The
average Geiger-Muller tube (GM) reading was 2,000 counts per minute for soil
samples taken along the bottom of the basin fill material. A summary of the retention
basin radioactive inventories is given in Table 3-2 (Dorian and Richards 1978).
Specific radionuclide concentrations for the 24 samples are given in Table 3-3.

WP 3-12
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Table 3-2. Summary of Radionuclide Inventories
in the 107-K Retention Basins in 1976
(Dorian and Richards 1978).

Samples 107-KE (3 tanks) 107=-KW (3 tanks)

Sludge 0.35 Ci 0.51 Ci
Soil fill lesse sludge 0.15 Ci 0.48 ci

 3.1.1.1.2 Waste Site 116-K-1 (Effluent Crib). The 116-K-1 effluent crib is
an excavated rectangular percolation basin 200 x 200 ft (70 x 70 m) at the bottom,
400 x 400 ft (140 x 140 m) at the surface and 22 ft (7 m) deep. The crib failed to
percolate adequately and was replaced by a 4,000 x 50 ft (1,300 x 15 m) gravel lined
percolation trench (116-K-2). At least once, effluent overflowed one side of the crib
resulting in direct discharge to the river. There is conflicting information concerning
the number of times cooling water effluent was discharged to this crib.

The 116-K-1 percolation crib and surrounding area was investigated by
collecting 16 samples from 5 locations identified as A’ through E’ in Figure 3-3
(Dorian and Richards 1978). Radiation along the bottom of the crib averages
approximately 1,000 counts per minute with localized contamination present up to
10,000 counts per minute. Specific radionuclide concentrations for the 16 samples are
presented in Table 3-4.

In addition, the waste stream to the crib contained approximately 40 kg (88 1b)
of sodium dichromate. Sodium dichromate was added to the cooling water process to
inhibit corrosion of the circulation system.

The sides and bottom of the crib were covered with dirt and gravel in the early
1960s. A visual site inspection in 1990 showed the crib is enclosed by a cyclone
fence and posted with radiation signs.

3.1.1.1.3 Waste Site 116-K-2 (Effluent Trench). The 116-K-2 trench was
excavated to percolate cooling water effluent into the soil column. The trench
dimensions are about 4,000 x 50 ft (1,300 x 15 m) and 20 ft (7 m) deep. The trench
was constructed in 1955 to replace the 116-K-1 effluent crib. In 1971, the sides and
bottom of the trench were covered (except.the influent end) with a layer of dirt and
later back filled to grade.
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Table 3-3. Radionuclide Concentrations in Soil Samples Inside the 107-K
Retention Basins (Dorian and Richards 1978).
107-KE Basins
Concentratian (pCifg)

Sample
rumber/ Mprscaler
depth (ft.) 298p,, 22, e % c/m___ 1520, Weg s, o e 50y, u L'
AA D * * 6.7x107 <200/40 6.9x10" 1.1x10° 4.9x10" 9.7210° 1.6x10" 1.6x10°

3 * 1.9x10" 6.0x10° 2.1x10° <200/160 6.6x10" 2.0x10" 2.4x10° * 1.6x10° 5.3x10°
AB 0O 7.6x107 <200/20 4. 2x10° 1,8x10" 1.3:10° 3.1x10? 1.3x107 3.4x10"

2 * 1.8x10" 6.9x10" 7.6x107 <200/200 1.0x10% 8.4x10° 3.7x10 * 1.9x107 4. 6x10°
BA 1 1.6x10"7 <200/30 3.4x10" 1.2x10" * 8.8x10? 1.4x0° 1.7x40°

1172 6.2x30" 4.6x10° 1.6x107 - <2007150 6.5x10" 8.0x10° 3.2xt0’ 7.3%50" 1.7x10° 1.5x10'
88 i-1/2 * * 1.9x1¢" w <200/150 6.4x10" 5.2x10° 2.5x10' * 3.3x107 3.9x10°
CA D * * 3.7x10°2 <200/20 1.6x10° 1.4x10" £.5x10" * 1.4x10" 1.6x10°

2 * ¢.8x10" 1.3x10" 6.0x10° 800 i.8x10% 1.8x10° 7.7x10' * &, 2x10% 1.1x10" -
c8 0 3.6x107 460 1.2x0' 3.9x107 4.8x10° * 9.4x102 1.5x16°

1 * * 3.2x107 400 3.5x10° 2.6x10° 2.3x16° = 7.8x107 6.3x107

2 9.2x10? <200/20 3.8x10° 3.8x10° 2.7x10° * 1.5x10" 2.7x10°

2-172 * 1,1x10° 7.9x10° 1.7x10° 5,000 6.4x10° 1.2x16° 5.8x10% 1.3x10° 2.7x10' 2.7x10° 4.2x10% 6,1%10%
Scale from
bottom of 9.4x10°" 1,2x10° 4,8x10° 1.1x102 5.0x10° 7.7x10° 1.7x10* 1.8x10% 7.9x10% 1.6x10°
jnlaet chute
107-KE

107-KW Basins
Concentration (oCi/fa)

Sample
numberf p-11/Scaler
depth (ft.y  P%Pu Hepy ®5p M c/m $2ey *co ey s '37ce ey u “ni
AR 1-1/2 = - 1.8x107? 5, 7x10° 200 1.1x10" 2.3x10 6.1x10° 1.3x10" 3.0x107 2.1x10°

2 * z.4x107 2.9x10" 5.5x10" 5,000 5.6x10° 1.3x10° 3.4x10% 8.2x10° 5.8x10° 5.0x10° 8.8x10%
AB 1 = <200/40 2.7xi0° 1.8210° 1.4x10° 4.6x107 7.0x10° s.4x10"

2 * 4.3x10" 1.8x10° 1.5x10° 1,000 2.1x102 1.9x10? 5.9x10° * 9.7xi0" 3.5x10°
BA 1-1/2 * A 9.2x10" <200/60 5.4x10° t.4x10t 7.2x10" * 1.9x18" 4.0x10”

2 * 8.3x10° 7.9x10' t.7x10° 3,000 6.7x10° 5.3x10% 2.0x107 * 3.0x10" 1.6x10°
B8 1-1/2 * <200/40 1.5x10° 1.1x10° 5.5x10" x 1.5x107 *

2 * j.2x10° 3.3x10° 1.3x10° 3,000 5.3x10° 9.0x10% 3.1x10% * 4.1x10° 2.8x10
cA 1-172 * 6.7x107 1.2x190° 6.0x10™ 630 1.3x107 9.9x10" 1.3x10% * 7.3x10" i
cB 2 * 1.1x10° 1.2x10" 1.1x10° 1.0x10° 6.6x10° 5.3x10° 1.8x10" 3.6x10°

* Less than analytical detection Llimits
Blank denctes that data are not availsble

WP 3-15/(WP 3-16 Blark)
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TRENCH POINTS
HOLE| HORTH WEST ELEV
A 734407 393.73 427.15
B8 7306.35 342.20 0.00
[ 7200. 9% 241.CE 428,11
o] 7109.82 72.5% 428.1%
E 7017.50 -163. 57 432.81
F £950,14 -350.¢8 441.27
G 6595, 24 -861.02 426,89
] 8544,75 | -1122.38 427.59
1 B3B3.03| -1815.75 428,54
J 8007.33 | =233.33 434,30
X 5831.20 | —2748.23 433.29
L 5670.02 | =-322%.%4 433.40
M 5724 .76 | =3274.07 442.%0
N 5B45.30 | =2275.39 442.25
4] 64471.96 | ~1006 52 435.60
P 7049.12 313.29 434.71
Q 7632.32 165,32 411.80
R 7471.93 842,72 437,18
S 7B13,41 48,70 405.61
T 7236,49 385,24 416,17
U 7481.27 51,72 405.81
v £957.16 -785.:22 420.75
w F133.90 -B79.22 419.83
X 7443,60] -1001.€3 444,46
Y 5460, 41 -1793. 47 426.48
Z 6204,70 ] -235% .54 423.84
AA | £242,86 | =310%.28 304.53
BE | 6133.,12{ =3342.35 409.00
CC | 6532.98 | ~2865.27 398.18
0D f 5170.29 ( =3137,22 450.98
CRIB PQINTS
HOLE| NORTH WEST ELEV
A" [ 5762.15) -387F.30 21,77
g’ 6253.34 ] -3912 39 402 50
[ 591415 -3417 32 430.05
o* 5837.%6 =383 430.17
£° £941.70 1 -35E° 4 420,88

LEGEND
H SAMPLE HOLE
e FENCE

5007 ¢ 5007

SOURCE: Dzeiza o~ - Fwchords 1275

Figure 3-3. Locatfion of Soil
Samples from the 116—K—1
Crib and 116—-K-2 Trench.

WP 3-17/(WP 3-18 Blank)
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Table 3-4, Radibhuclide Concentrations in Soll Samples Inside and Adjacent to
ths 116-K-1 Effluent Crib [Dorian and Richards 1978).
: Concentration {pCi/fo}
1 e
m}mrgerf Vipsscaler
depth (1.3 Z°pu i JT) Psr 3 e/m ey ®co ey Ries b o ey u i1}
116-X-1  100-X CRiB
Al 0 * <200[5 * * - * * *
5 9.1x10% <200/20 * 1.5x10" * * 1.7x107 * 2.2x10?
15 5.6x10" <200/8kg 9. 7x10-1 6.4x10" 6.4x107 4.5x107 * *
8 5 3,710 <200/30 * 5.82102 * = 3.9x10°? "
13 2.5x107 <200/10 * * * = * *
25 * 3.2x10% - <200/30 * 5.4x10° * * 4.5x10°2 * 1.4x10"
¢t 0 * * 1.3x107 <200/25 4,3x10-1 9.1x10" 2.4x10" * 6.5x10" 1.6x10" 1.1x10"
15 2.9x10% <200/20 * - * * 4,6x10% 1.7x10"
25 2.6x102 <200/5 * * * 3.3x10° 5.2x10% *
o 0 4.8x10-1 4.4x10° 1.0x10° 2,500 4.2x10° 3.1x10° 1.7x10% 6.,4x10° 7.7x10% 1.4x10"
5 6.3x10° 1,000 1.3x10% 1.5x107 5.2x10 £,0%10° 44107 4.4x10°
10 7.2x70° <200/90 3,0x10" 3.6x107 * * 6.,6x10° 1.5x10"
16 7.9x50° <200/30 * * * * * 1.8x70"
Ef 0 * 2.5x10" 2.8x10° 300 3.7xi0 3.0x10" 1.3x10" 2.3x107 3.4x10" 5.7x10"
2-1/2 * 1.8xi0" 5.9x10° <200/40 1.1x10° 9. 710" 4.1x507 * 5.9xi07 *
24 * b 1.0x30° <200/8kg * * * - 3.8x107 *

* Less than anslytica] detection limite

Blank denctes thet data are not available

WP 3-19/(WP 3-20 Blank)
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The area inside the 116-K-2 trench was investigated by collecting 46 samples
from 14 locations in the mid-1970s (Dorian and Richards 1978) (Figure 3-3).
Contamination levels measured in sample holes ranged from less than 200 to 12,000
counts per minute with a GM probe. Specific radionuclide concentrations for the 46
samples are presented in Table 3-5. Chemical compounds disposed of in the trench
include 300,000 kg (661,000 Ib) of sodium dichromate, 500 kg (1,100 Ib) of copper
sulfate, 10,000 kg (22,000 1b) of sulfuric acid, and 10,000 kg (22,000 1b) of sulfamic
acid (Stenner et al. 1988).

3.1.1.1.4 Waste Site 116-K-3 (Outfall Structure), The 1904 outfall structure
consists of a reinforced concrete building, approximately 30 x 30 ft (10 x 10 m) and
I5 ft (5 m) high, two 84 in. (213 cm) steel effiuent lines and a concrete-lined
emergency overflow spillway. The outfall structure collected discharge from the 107-
KE basins via a 66 in. (168 cm) steel pipeline, the 107-KW basins via a 72 in.
(183 cm) steel pipeline and a concrete sewer from the water treatment plant and other
on-site facilities. Discharge from the outfall structure was conveyed to the center of
the Columbia River through two 84 in. (213 cm) steel pipes. The emergency
overflow spillway conveyed water from the outfall structure directly to the edge of the
river. The concrete in the channel has been removed and disposed of. Radiological
surveys are routinely performed. This data will be compiled and reviewed during the
source data compilation task.

3.1.1.1.5 Effluent Discharge Pipelines and Valves. The discharge system
includes effluent lines from the 105-K reactors to the 107-K retention basins and from
the retention basins to the 1904 outfall structure, 116-K-1 crib, and 116-K-2 trench.
The approximate location of the major effluent lines is shown in Figure 2-2. Exact
locations are not known for several line segments. Leakage has been reported at the
150-K heat exchangers and in the valve pits.

3.1.1.2 Sources in Operable Unit 100-KR-2. The waste sources in the 100-KR-2
operable unit received solid and liquid wastes generated by reactor operations.

As described in detail in Section 2.1.4, treated Columbia River water was used
for a variety of purposes including the cooling of spent fuel in two fuel storage basins.
Support facilities, such as reactor support water recirculation and R&D buildings also
generated liquid wastes that were managed via individual cribs.

WP 3-21/(WP 3-22 Blank)
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Table 3-5. Radionuclide Concentrations in Soil Samples
Along the 116-K-2 Trench {Dorian and Richards, 1978).
Concentration (pCifa)
Sample
number/ "prscaler
depth (ft.y Z°py BIOpY s ' c/m_ S2ey “eg ey 3epg Bies 165y u i
A S 3.1x10" 7.6x10° 2.5x10" 1,500 * * * * *
A 5 * * <200/30 9.7x10" 2.4x107 2.5x107 * 1.1x10" *
15 2.4x10" 2. 1x10° 1.8x10 1.5x10" 1,000 5.8x10° 1.8x16% 1.7x10° 1.3x10° 1.1x10° 9.,35x10° 2.5x107
20 * 3,0x10" 5.7x10° <200/100 4.9x10° 8.6x10" 9.3x1¢" " 2.6210* 5.2x10"
g8 0 1.9x10" 2.5x10° 6.2x106° 2.7x10% 1,500 6.0x10° 2.7x10% 2.5x16% 5.6x10° 1.2x10% 6.5x10 3.1x107
5 * * 1.6x10° <200/15 2.2x10" 1.0x10° * * * *
10 * * 2.7:10" <200/25 3,4x10° 1.5x10° 1.1x10° = 5.9x10" 1.4x10" 2.4x10"
c 15 4.0x10° 1.3x16° 2.3x10° 1.4x10 12,800 4.4x16° 1.3x10° 1.7x10% 5.3x10° £.8x10° 5.1x10° 9,5x10% 2.1x10° 3.2x10
17-1/2  2.8x107 1.1x10* 4. 4x10° 2,600 5.8x10° 3,1x10% 1.4x10% 2.8x10° £.5x10% 3,7x10°
20 * 1.6x10° 1.4x10" 400 1.6x19° 9.9x10 6.1x10° 9.7x107 5.7xi0’ 1.3x10"
25 3,0x10" 4.9x10° 3.7x10" 2,500 1.2x10° 2.7x10% 4.5x10° 2.3x10° 2.3x10° 5,7x10
28 - 5.4x10" 1.4x10° 600 1.4x15° 5.0x10' £.7x107 5.5x107 6.5x10" 2.7x10"
D S5 1.4x10° 1.2x10? 6.8x10" <200/10 6.6x10° 4.6x10° 2.8x10° 6.7x107 2.8x10° 3.8x107
135 4.3x10° 1.3x10° 5.7x10° 2.7x10 2,000 1.6x16° 7.3x10% 5.6x10% 2.1x10° 2.9x102 1.8x10° 4, x107
20 * 8.1x10° 1.1x10' 300 1.5x10° 4,1x10° 7.7x10" 8.6x10% 7.2x10° 9.3x107
28 * * 6.3x10° <200/40 9.ox10! 3.3x10" * * 2.5x107 *
E 0 * ® 4,8x307 <200/40 2.9x10° 2.2x10° 1.5x10° * 1.2x10° z2.8x10"
12 1.2x10° 2.1x10" 3.0x10° 8.1x10* 5,000 2.2x10° 7.4x102 7.4x107 2.8x10 9.2x10° 2.3x102 5.5x10"
16 3.0x10" 4.0x1C° 6.7x10° 900 3.5x10° 1. 12507 1.2x107 1.0 1.9x10° 4.0x70°
20 * 3.7x10" 4,4x10° 250 2.9x10" 3.8x10' 1.1x19' 6.5xi0" 6.9210" *
25 * 2.6x107 6.2x10° <200/50 &.9x10° 4.6x10° 2.0x19° 1.3xi0" 1.3x10" 2.6x18"
F 0 * 2.0x107 2.3x10" <200/80 4.7x10° 2.5x10° * * 1.6x10° *
12 * 2.0x10° 4.7x10° z.2x10° 800 2.8x10° 1.8x10% 8.2x10" 9,0x10" 3.4x107 5.6x10° 2.6x10"
20 * 6.1x307 7.4x10° <200/100 5.8x10° 4.1x10" 1.8x10" 5,3x10" 1.7x10° 8.2x10"
[ 1.6x107 * 7.6x102 <200/55 * 1.5x10" * 6.2x107 6,4x30" 2.7x10"
6 19 3. 710" 7.1x10° 1.5x10" 5.5x10 1,500 1.1x10° 5.0x10% 3.4%107 3.4x10° 7.1x10% 2.6x10° 5.8x10"
25 * 2.4x10° 4.8x10° 650 2.8x107 1.3x10% 1.x107 9.0x10° 6.2x10° 2.9x10
29 * 7.8x10°" 4.2x10° 500 9.3x10" 7.2x10° 3.2x10° 1.1x10° 1.0x10° 5.5x10°
H 0 * * 2.3x107 <200/85 7.8x10° 5.4x10° &,0x10° 1.7x107 2.1x10° 1.0x10°
13 2.1x10° 2.8x10' 2.0x10 2.5x10° 2,000 1.7x10° 5.4x10° 5.3x10% 1.7x10" 7.2x10° 1.9x107 7.ix10"
15 * 4.2x10° 7.6x10° 500 8.7x10' 4.8x10° 2.6x10" 2.9x10" 9.3x10° 1.1x10°
18 - 9.4x10" 1.6x10° 460 1.2x10% 1.2x10% 3.9x10 1.6x10° 1.2x10° 6.3x10°
21 * * 1.9x10° <200/15 5.8x10" 7.8x10" 4.4x10" * 8.2x10° 3.1x107
I 15 * * 3.5x102 <200/20 2.7x10" g.0x10° * * 1.5x107 8.8x10
a7 8.7xi0" 2.0x10° 3.3x10° 1,3x16° 3,000 3.0x10° 8.4x10° 9.9x10% 1.1x10" 9,5x10° 3.8x10" 1.2x10"
19 * i 3.0x10° 500 2.9x10 2.1x10% 1.1x10 * * 3.6x107
23 * * 3.4x10° <200/20 3,3x10° 2,0x10° 1.4x10° £.2x10? 1.7x10° 3.1x107
K O * * 3.5x10° <200740 * * * * 7.1x10? 2.0x10"
22 8.4x10" 1.3x10" 1.9x10 2.1x10° 3,000 3.8x10° 2.2x19° 1.4x10% 1.5x10" 3.0x10° 1.4x10° 4.5x10°
27 ¢.0x102 t.4x10° 2.6x10° 1,000 2.2x307 1.7x10% 8.35x10 1.0x10° 1.0x0° 1.1x10°
30 d 1.9x107 2.0x10° <200 6.1x10° 4.4x10t * o 2.6x10° *
L 0 * * 2.0 <200/30 * - 3. 1107 4.9x107 * 1.2x10"
i7 - .1%10° 3.5x10° 2.2x10 <200/130 2.3x10' 1.1x10% 1.2x10" 1.7x107 2.4x%0 3.7x10° 4ozt
M 0 * 3.6x10" 5.5x167 <200/40 - 1.4x107 5.6x10™" * 1.3x10" *
17 * " 1.3x10° 2.8x10° <200/150 4.0x107 1.1x107 * 4.7x107 5.7x107 1.8x10"7 1.5x10"
20 * 6.3x10° 9.3x10" <200/25 3.7x10" $.3x10% 4.4x10" = 2.9x10% -

* Loss than snalytical detection limits

Blenk Junetas that data are not evailable

WP 3-23/(WP 3-24 Blank)
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Facilities within the 100-KR-2 operable unit also generated a wide variety of
solid and semisolid wastes. The main radioactive solid waste burial ground for the
100-K Area and another burial ground used intermittently for disposal of sludges from
the 107-K retention basins is also within the 100-KR-2 operable unit.

A more detailed description of each of the liquid and solid waste sources is
found in the following sections.

3.1.1.2.1 Waste Sites 116-KE-1 and 116-KW-1 (Cribs). The 116-K cribs
received condensate and other small volume liquid wastes from the 115-KE/KW
reactor gas recirculation building. The cribs measure 6 x 6 ft (2 x 2 m) at the bottom,
40 x 40 ft (7 x 7 m) at the top, and are 26 ft (9 m) deep. The 116-KW crib has an
estimated radioactive inventory of 240 Ci; almost entirely from *H and *C, which are
low energy beta emitters. Specific radionuclide concentrations are shown in Table 3-6
(Dorian and Richards 1978). Ground water will be tested for a broad spectrum of
chemicals from downgradient wells K10, K11 and K43 (proposed) for 116-KW-1 and
wells K16, K29, and K30 for 116-KE-1.

3.1.1.2.2 Waste Site 116-KE-2 (Crib). This waste site is associated with the
water studies recirculation building (1706 KER). The 116-KE-2 crib measures 16 x
16 ft (5 x 5 m) at the bottom and is 32 ft (11 m) deep. The crib received liquid
wastes from cleanup columns in the 1706-KER loop during the period from 1955 to
1971. A GM reading of 15,000 counts per minute was detected in a sample at 42 ft
(14 m) below grade. The crib contains an estimated radioactive inventory of 38 Ci, of
which 33 Ci are attributed to Co and the remaining primarily *Sr (Dorian and
Richards 1978). Specific radionuclide concentrations for the 116-KE-2 crib are
presented in Table 3-6. There are several downgradient wells (K16, K27, K28, K29,
K30) that will be used to test ground water quality from this area.

3.1.1.2.3 Waste Sites 116-KE-3 and 116-KW-2 (Fuel Storage Basin French
Drains). The 116-KE-3 and the 116-KW-2 waste sites received subdrainage from the
105-K fuel storage basins. These French drains are 10 ft (3 m) in diameter and are
39 ft (12 m) deep. There are no data reported for radionuclide concentrations in these
waste sites.

3.1.1.2.4 Waste Site 118-K-1 (Burial Ground). The 118-K-1 burial ground
was the primary solid waste disposal site for the 100-K Area. The burial ground
measures 1,200 x 600 ft (400 x 200 m) and is 20 ft (7 m) deep. The burial ground
contains many pits and trenches used to contain disposed material. Material present in

WP 3-25/(WP 3-26 Blank)
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Blank denotes that date are not available

T
Table 3-8, Radionuclide Concentrations for
Miscellaneous Cribs {116 KE-1, KE-2, KW-1) {Dorian and Richards 1978).
Concentration {pCi/g)
Sample
Humber/ Ypsscater
ggpth znapu m!RAOPu no5r :ﬂ “C C/m 15?Eu euc° ‘“E_U ,S‘CS |37‘CS ElHi ISEEU U Ilc
116-KE-2
A 40 * 1.7x107 1.6x10° 4,500 * 1.5x10° 2.2x10 * 5.1x10" 3.3x10°
. 62-172 * 6.1x10° £.9x10° 1.5x10% 15,000 1.1x10° 9.7x10° 9,2x10° * 2.2x10% 1.3x10" 2.4x107 1.4x10"
= &7-142 * * 1.6x10 4,0x10° 500 2.5%10" 1.5x10% 8.8x10" - 9.9x10" *
-~ 116-K-1
. B ET-1/2 - » - 2,710 4.7x10° 300 > 3.3x1° 3.3x10" 2.4x10° 6.4x1¢° 1.5x10° 310" 3.9x10°
38 * * 1.8x10° 8.3x10° <206/130 * 7.9x10° 2.4x10" 5.3x107 9.8x10° * 1.1xi0™ 3.6x10°
116-KE-1
. A 30 4.7x10°
- * Less than analytical detection linits

WP 3-27/(WE 3-28 Blank)
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the solid waste burial ground includes aluminum spacers, lead-cadmium metal, boron
splines, C sources, process tubes, lead (bricks, sheets, etc.), cadmium sheets,
thermocouple wire, soft waste (plastic, paper, etc.), and miscellaneous waste (reactor
tools, safety rods, etc.) (Miller and Wahlen 1987). Due to the nature of the waste at
this site it is not considered an ISE or IRA candidate. A well is proposed directly
downgradient (K41) that will test the nature of the ground water in this area.

3.1.1.2.5 Waste Sites 130-K-1, 130-K-2, 130-KE-1, 130-KE-2, 130-KW-1,
130-KW-2 (Fuel Storage Tanks). These waste sites are associated with diesel fuel,
fuel oil, or petroleum storage. These tanks are no longer in use and have been
emptied. The 130-K-1 and 130-K-2 fuel tanks were removed from the site in 1989.
There are no analytical data on these sites, but it has been reported that the soil by the
tanks may be contaminated from spillage. Although these storage tanks may represent
a substantial source of contamination, no leaks were reported. Therefore, the sites are
not currently considered candidates for an ISE or JRA. However, testing for organic
chemicals in ground water early in the RI process may focus attention on one or more
of these storage tanks as contributors to environmental degradation.

3.1.1.2.6 Waste Sites 1607-K-4 and 1607-K-6 (Septic Tanks). The 1607-
K-4 waste site received sanitary sewage from the 1704-K office building and the
1717-K maintenance shop. The 1607-K-6 waste site received sanitary sewage from
the 105-KW reactor building, 115-KW gas recirculation building and the 165-KW
powerhouse. Both of these septic systems are still in use. The waste category is
nonhazardous/nonradioactive. Although the septic systems are considered sources of
nonhazardous and nonradioactive wastes, they may be sources of either or both types
of contamination.

3.1.1.2.7 Waste Site UN-100-K-1 (105-KE Fuel Storage Basin Leak).
During modification of the 105-KE fuel storage basin for installing the recirculating
cooling system in 1974, a 4 gal/min leak was measured. By early 1977 the leak
volume had increased to 13.5 gal/min. The leakage was stabilized at about 8 gal/min
by raising the basin water temperature and thus partially closing cracks in the basin
floor. Eventually an expansion joint in the floor of the basin discharge chute was
isolated by watertight dams, which reduced leakage to near zero. In 1980 draw-down
testing showed the leakage to be 3 gal/h.

The 2-in. (5.1 cm) asphalt membrane beneath the basin collected most of the
leakage. The asphalt membrane does not extend beneath the 105-KE reactor pickup
chute; therefore, leakage from that area could escape to the soil column. Table 3-7
shows the radionuclide concentrations in the 105-KE fue! storage basin water

WP 3-29
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according to Dorian and Richards in 1978. Table 3-8 is an inventory of radionuclides
in the soil near the 105-KE fuel storage basin, also after Dorian and Richards, 1978.

Table 3-7. Radionuclide Concentrations in Water
from 105-KE Fuel Storage Basin in 1978
(Dorian and Richards 1978).

Radionuclid Concentration_(pCi
*H . 6.2 x 10°
“Co 1.2x 10°
08r 3.8 x 107
¥1Cs 2.2 x 107
238py ‘ 3.0 x 10°
239240py 1.7 x 104

Table 3-8. Radionuclide Inventory in Soil Near
the 105-KE Fuel Storage Basin in 1978
(Dorian and Richards).

Radionuclides Inventory Ci
®Co 3.6 x 10°
OSr 1.5x10°
137Cs 1.5 x 10°
8Py 2.1 x 10!

29240py 1.3 x 1¢°

3.1.1.2,8 Waste Source 116-KE-5 and 116-KW-4 (Heat Exchangers), The
116-KE-5 and the 116-KW-4 heat exchangers transferred heat from the reactor cooling
water effluent by means of an ethylene glycol system. The heat was piped to the K-
Area buildings for space heating. No data have been reported on the radionuclide
concentrations at these sources.

WP 3-30




DOE/RL-90-21
DRAFT A

3.1.1.2.9 Waste Source 116-KE-6(A) Through 116-KE-6(D). These four
waste sources are storage tanks. The only documentation available is that their waste
category is mixed waste and that the tanks were installed in 1986 and are presently in
use.

3.1.1.2.10 Waste Sources 118-KE-1 and 118-KW-1 (Reactor Buildings).
Each of the two 110-K Area reactor buildings include a reactor block, an irradiated
fuel storage basin, ventilation systems and work areas.

The 105-KE and 105-KW reactor blocks each consist of a graphite moderator
stack encased in cast-iron thermal shielding and a heavy aggregate concrete biclogical
shield, process tubes and safety and control systems. Each reactor block weighs
approximately 11,000 tons and measures 44 ft (13.4 m) from front to rear, 53 f
(16.2 m) from side to side and 50 ft (15.2 m) from top to bottom. The reactor was
sealed within a helium-nitrogen gas atmosphere circulated from the respective 115-K
facility. The gas fuel elements and control systems were removed at the time of
deactivation. Estimated 1985 radionuclide inventories of the 105-KE and 105-KW
reactors are shown in Table 3-9 and Table 3-10, respectively.

The 105-KE and 105-KW fuel storage basins each have a surface area of

approximately 10,000 ft* (930 m?), a depth of 20 ft (6 m) and a volume of about
200,000 f? (5,700 m?).

These basins originally provided shielding and cooling for the irradiated fuel
during reactor operation. Following shutdown of the 105-KE and 105-KW reactors,
both fuel storage basins were cleaned and modified for the storage of irradiated fuel
from the 100-N Area. In 1974 and 1975 the fuel storage basins were modified by
adding a recirculating cooling system in part consisting of the 150-KE and 150-KW
heat exchangers.

Storage of N reactor irradiated fuel began in the 105-KE storage basin prior to
using sealed canister packaging for prevention of contact between the fuel and the
cooling water. All N reactor fuel stored in the 105-KW storage basin has been |
packaged in the sealed canisters. Consequently, there may be a large difference in the
level of radioactive contamination between the two storage basin facilities.

The 105-KW fuel storage basin sediments were investigated in April 1975 by

Dorian and Richards. Radionuclide concentrations in the sediments are shown in
Table 3-11.

WP 3-31/(WP 3-32 Blank)
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Table 3-9. Estimated Radionuclide Inventory in 105-KE Reactor
March 1, 1985(ci)® (DOE 1989)

Radio- Graphite
nuclides Stack
*H 30,000
fars! 7,000
Yica 1
®co 5
1 _—
oINT 11
el 54
Ysr 10
g, —
"o _—
¥Nb 1.1
50 —
108p _—
Wpg '_ 30
%250 40
by 201 20
23my -—
233py —-—
23py 1
Nipm 0.3

Thermal Process Control Bio- Storage
Shield ~Tubes System Shield ~Basin _Total
— _— — - - 30,000
_— —— - - - 7,000
- - —_ 1s - 16
17,500 190 110 - .23 17,805.23
9 13 — - 0.01 22,01
1,200 1,700 - - 1.25 2,912.25
- - - - - 54
- 0.3 - - 0.29 10.5%
- 11 - - - 11
0.06 0.2 - —_— —-— 0.26
0.03 0.6 - — - 0.73
0.003 0.03 - - - 0.033
0.04 - - —— el 0.04
- — - - 0.81 30.81
- 2 - - 0.23 42.23
- 1.6 —-— - 0.05 21.65
- —— - - 0.024 1.024
—— - - - 0.008 0.308

(L]

Based on Table 22 in Miller and Steffes 1987.

YV LAVAd
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Table 3-10. Estimated Radionuclide Inventory in 105-KH Reactor
March 1, 1985(ci)™ (DOE 198%)

Pe-¢ dM

Radio- Graphite Thermal Process Control Bio~ Storage
nuclides Stack Shield Tubes System Shield Bagin Total
H 27,000 — -- - - - 27,000
e 6,700 - - - - - 6,700
Mo 5 - - —-— 15 - 20
®co 5 14,500 170 110 - 0.23 14,785.23
i 3 ¢ e 9 11 e - 0.01 20.0%1
LS5 15 1,100 1,500 - -— 1.25 2,616.25
el 52 - - - - - 52
Wgy 10 - 0.3 - - 0.29 10.59
Qe - - 10 —— - - 10
Yo - 0.06 0.2 - - - 0.26
b 1.1 0.03 0.6 - - - 1.73
W - 0.003 0.03 - — -— 0.033
1o%ng - 0.04 - - - - 0.04
130y 30 - —— —— - 0.81 30.81
182gy 40 - 2 - - 0.23 42.23
®En 20 - 1.6 - - 0.05 21.65
238y _— — — — — -_— _—
298py, -— -— - - - - -
2tpy 1 — - - - 0.024 1.024
1am 0.3 - - - - 0.008 0.308

“ " Raped on Table 22 in

Miller and Steffes 1987,
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Table 3-11, Radionuctide Concentpat

jons in Sediments from
the 105-ky Fuel Storage B

asin (Dorian and Richards, 1378},
Concentratjop {(pCi/g)

105-K¥  Dummy ele. pit 9.3x10*  &.0x10° 1.5x10*  3.8x19?
105-K4  Pickup chutes 8.7x10"  1.4x1p° 1.8x10°  3.2x102 3.4x10* 4, 1x10° 6.2x10*  3.7x10°

L.2x10* 7, 3510
105-KW  Transfer area 7.6x10"  4.7x102 2.0x10° g, 4x10? 1.1x104

3.5x10*  2.5x10¢ 1.1x10° 1. 9x10% 6.5x10"

6.9x10° 1 ax1g¢ 7.3x10°  4.5x107

105-KY  Center basin 2.2x10° 3 x7p3 5.2x10°  1.0x102

6.5x10°

Average Lix107  1.6x1p° 4.7x10°  1.3x102

2.2x10° 7 44105 1.9x10° 5. s5x3¢?

WP 3-35/(WP 3-36 Blank)
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In 1985 A.P. Larrick obtained sludge samples from the 105-KE fuel storage
basin. The results of the sample analysis are included in Table 3-12. A discussion of
the UN-100-K-1 105-KE fuel storage basin leak is given in Section 3.1.1.2.7.

3.1.1.2.11 Waste Source 118-KE-2 and 118-KW-2 (Thimble Caves). These
waste sources are the thimble caves which were used for storing radioactive rod tips
removed from the reactor. The sites are not considered to represent a substantial
threat to human health or the environment.

3.1.1.2.12 Waste Source 132-KE-1 and 132-KW-1 (Ventilation Stacks).
These waste sources are the ventilation stacks for the reactor air filter system. The
top 125 ft (42 m) of these stacks were demolished after deactivation. The rubble was
placed in the bottom of the stack.

3.1.1.2.13 118-K-2 Burial Ground. This burial ground was reportedly used
to dispose of radioactive sludge from the 107-K retention basins. No additional
information is currently available on this site.

3.1.1.2.14 118-K-3 Filter Crib. This crib was reportedly used to dispose of
liquid wastes from research done in the 1706-KE building. The material disposed of
here has been reported as nonradioactive. No additional information has been found
to quantify the waste stream to the crib.

3.1.1.3 Sources in Operable Unit 100-KR-3. The major sources of contamination
within the boundaries of operable unit 100-KR-3 are associated with the water
treatment facilities. Individual waste sites and structures contained within the
100-KR-3 operable unit boundary are described in the following sections.

3.1.1.3.1 Waste Sites 120-KE-1, 120-KE-2, 120-KE-3, 120-KW-1, and 120-
KW-2 (Percolation Basins). These reverse wells, French drains and percolation
trenches were used to dispose of sulfuric acid sludge from the sulfuric acid storage
tanks. Stenner et al. (1988) reports that the sulfuric acid was contaminated with
mercury used in the acid manufacturing process and that about 200 kg of mercury was
disposed of in each waste site with the exception of 120-KE-3 where 700 kg of
mercury was disposed. Dorian (1985) reports that the mercury contaminated sludge
was later removed from the percolation basins. It should be noted that Stenner et al.
(1988) used a different numbering system to identify these waste sites; this numbering
system substituted a number 100 for the number 120 (e.g., 120-KE-1 equals 100-KE-
1, etc.). :

WP 3-37/(WP 3-38 Blank) P
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Table 3-12. Radionuclide Concentrations for the 105-KE Fuel Storage Basin (pCi/L unless otherwise indicated).

our Beta Alpha 239/40 238 241 144 60 134 137 154 155 54 as 106 125 226 95
No. I1.D. Total Total Pu Pu U alfg Am Ce Co Cs [of:] Eu Eu Mn Nb Rh Sb Ra id
7789 2253 4576. 114.2 79.6 9.2 0.268 16.99 1.29 0.69 145.61 12.25 14.75 3.94 11.14
7790 Sand

filter 3 1317. 86.6 53.4 g.0 0.142 19,95 51.17 19.85 1.23 90.29 12,20 11.78 2.90 31.74 4.21
7791 Seg pit .

#1 2726. 216.9 128. 18.8 0.352 47.73 30.49 23.34 0.73 66.14 26.03 25.09 2,01 36,00 10.3%
7792 2226 141.6 7.62 5.19 1.04 0.013 1.86 2.11  0.17 14.45 1.12 0.97 0.12 1.47
7793 5817 907.2 33.5 9.79 1.8 0.031 3.64 23.97 B.54 0.42 28.48 2.45 2.54 0.82 0.19 12.02 0.98
7794 0851 1848. 122.1 34.8 5.76 ©.114 15.22 15.82 13.89 0.63 5.28 9.41 8.77 0.91 0.09 11.87 2.13
7795 3153 107¢. 73.2 43.6 7.19 0.133 18.46 22.63 22.34 0.78 49,22 11.46 10.73 0.66 17.81 2.6%
7796 Seg pit

#£2 2961. 69.24 37.77 5.14 0.018 13.96 18.79 3.34 234.46 8.04 7.33 Q.19 7.41 3.21 2,92
7797 0812 651.4 45.79 26.6 4.05 0.086 11.28 10.72 15.94 0.48 31.37 6.63 6.20 0.77 14,42 2.54
7798 5851 45:.5 21.0 11.2 1.26 0.033 4.63 12.35 8.22 0.69 61.77 3.05 3,04 0.42 6.94
7799 3121 874.6 103.8 54.7 6.78 0.163 20.43 19.81 1.30 106.34 10.02 4.90 0.63 15.64 4.66
7800 South

load out 801.4 48.2 23.3 3.16 0.105 9,72 28.54 0.54 40.72 5.94 2.90 2.08 16.64 5.71
7801 Gamma pit 476.5 4.4 2.35 0.45 0.014 0.72 1.07 0,16 21.93 0.03
7802 Sand

filter #1 i228. 75.1 44.1 8.33 ©0.116 15.90 46.26 16.11 0.80 53.%6 10.21 9.18 2.87 1.15 28.95 4.32 1.4
7803 Sand

filter #2 1363. 84.6 51.9 9.13 0.136 18.74 57.49 17.34 0.92 59.79 11.92 11.35 3.47 1.20 34.08 4.57 1.6

WP 3-39/(WP 3-40 Blank)
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3.1.1.3.2 Waste Site 120-KE-6 and 120-KW-5 (Sodium Dichromate Storage
Tanks). These waste sites are two sodium dichromate storage tanks. These tanks
were removed in 1970. There has been reported evidence of residual dichromate in
the soil adjacent to these tanks.

3.1.1.3.3 Waste Site 128-K-1 (Burning Pit). The burning pit was used for
the disposal of nonradioactive combustible waste such as paint, office material and
chemical solvents. There have been no data reported on contamination in this area.
A proposed downgradient monitoring well will test for contaminants from this pit.

3.1.1.3.4 Waste Site 130-K-3 (Fuel Storage Tanks). These two 17,000 gal
(64,000 I) fuel storage tanks have been drained. No data have been reported on
contamination of this area,

3.1.1.3.5 Waste Sites 1607-K-1, 1607-K-2, 1607-K-3 and 1607-K-5 (Septic
Tanks). The 1607 septic tanks received sanitary sewage from the manned facilities
for the 100-K Area. These septic systems are still in use with the exception of 1607-
K-3 associated with the 183-KW water treatment facility. The waste category is
nonhazardous/nonradioactive. Wells placed immediately downgradient will test for
contributions to ground water degradation from these tanks.

3.1.1.3.6 Waste Source 120-KE-4, 120-KE-5, 120-KW-3 and 120-KW-4
(Sulfuric Acid Storage Tanks). These waste sources are four 10,000 gal (38,000 1)
sulfuric acid storage tanks. The tanks have been drained and neutralized. The 120-
KE-4 and 120-KW-3 tanks leaked through the supply pipe to the respective 183.1
water treatment building. No data are available on the amount of leakage. Wells
placed immediately downgradient will test for contributions to ground water
degradation from these tanks.

3.1.1.3.7 Waste Source 126-KE-2 and 126-KE-3 (Alum Storage Tanks).
These waste sources are two 180,000 gal (680,000 I) tanks used to store liquid alum.
Currently one tank is empty and the other is being used to store alum for treating river
water in the water treatment facility.

3.1.2 Seil

3.1.2.1 Background Soil Quality. There are no operable unit-specific background
soil data available for the 100-K Area. However, surface soil samples are collected
periodically at a number of locations both on and off the Hanford Site as part of the
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Hanford environmental monitoring program. Onsite samples are collected at locations
adjacent to major operating facilities, while offsite samples are collected around the
site perimeter, primarily in a upwind direction. Sample locations are shown in Figure
3-4. Because of their proximity to operating facilities, onsite samples cannot be
regarded as providing an adequate background concentration reference point. Data

from both onsite and offsite samples collected from 1982 through 1987 are presented
in Table 3-13.

Table 3-13. Data From Onsite and Offsite Background Soil Sampling,
Hanford Environmental Monitoring Program 1988
pCi/g (dry weight)®
(From Jacquish and Bryce 1989)

Onsite Average Offsite Averaqe
Strontium-90 0.31+0.13 l 0.16+0.04
Ceasium-137 2.923.2 0.59+0,18
Plutonium=-239/240 0.10%0.11 0.11+0.004
Uranium 0.74%0.15 0.75%0.11

‘ Averages are +2 standard error of the calculated mean.

Note: 1988 data.

3.1.2.2 Soil Contamination. No soil sampling stations are located in the 100-K
Area as part of the Hanford environmental monitoring program. However, soil
sampling has been performed in the area under other programs.

Soil sampling was performed as part of the 1975-1976 radiological assessment
of the 100 Areas (Dorian and Richards 1978). The primary contaminants measured in

that study and discussed below are *H, ®Co, *Sr, *'Cs, *Eu, "*Eu, **Eu and
239/'240Pu_

3.1.2.2.1 Soil Contamination in 100-KR-1 Operable Unit, Results of soil
sampling at specific sources in the 100-KR-1 operable unit are covered extensively in
the 100-KR-1 work plan and are not provided here.
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3.1.2.2.2 Soil Contamination in the 100-KR-2 Operable Unit. There are
reported to have been soil samples taken near the 130-K-1 and 130-K-2 waste sites in
1989. However, no analytical results have yet been located. There has been no other
soil sampling reported within the 100-KR-2 operable unit boundaries.

3.1.2.2.3 Soil Contamination in the 100-KR-3 Operable Unit. Leaks in the
120-KE-4 and 120-KW-3 sulfuric acid storage tanks have been reported, but no soil
sampling data are available. There has been no other soil sampling reported within
the 100-KR-3 operable unit boundaries.

3.1.3 Ground Water Quality.

To date, collection of ground water quality data at the 100-K Area has not been
comprehensive. Most of the data come from closely grouped wells installed for a
specific purpose, e.g. Wells K27, K28, K29, and K30 are located around the 105-KE
fuel storage basin., However, there are sufficient data for preliminary water quality
assessment and identification of some of the hazards that may be encountered during
well installation, sampling, and testing.

3.1.3.1 Background Ground Water Quality. Ground water in the unconfined
aquifer of the Hanford Site is characterized as calcium bicarbonate dominant (Evans et
al. 1988). Primary inorganic constituents include calcium, bicarbonate, sulfate, silica,
sodium, chloride, magnesium, and potassium. Secondary constituents such as
ammonia, barium, fluoride, manganese, and strontium occur in trace amounts
(<1,000 ppb). The natural ground water has moderate total hardness

{~ 120,000 ppb) and moderate total dissolved solids content {~250,000 ppb). Table
3-14 shows background concentrations for selected constituents in Hanford ground
water. These background concentrations have been estimated from ground water
samples collected in areas judged to be unaffected by Hanford operations (Evans et al.
1989). The analyses used to calculate background concentrations were part of the
Hanford Site-Wide Ground Water Monitoring Project.

Background concentrations unique to the 100-K Area have not yet been
determined. Initially, it can be assumed that background concentrations are similar to
the site-wide concentrations. There are at least three factors which have probably
altered upgradient conditions in the 100-K Area. First, the ground water mound
which apparently existed underneath the site during reactor operations probably
resulted in contaminant migration away from the site in all directions. Because the
ground water mound apparently dissipated when reactor operations ceased and the
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Table 3-14. Estimated Background Concentrations for Selected
Constituents in Hanford Ground Water

Detection
Congtituent Limith
Aluminum 28
Ammonia 50
Arsenic 0,28
Barium 6
Beryllium 0.3"
Bismuth 0.028
Boron 508
Cadmium 0.28
Calcium 50
Chloride 500
Chromium 28
Copper 18
Cyanide 10
Fluoride 500
Lead 0.58
Magnesium 10
Manganese 5
Mercury 0.1
Nickel 48
Phosphate 1000
Potassium 100
Selenium 28
Silver 10
Sodium 10
Strontium 20
Sulfate 500
Uranium 0.5%
Vanadium 5
Zinc 5
Alkalinity -
PH -
Total Organic Carbon 200
Conductivity 1°
Gross Alpha 0.5°
Gross Beta 4¢
Radium 0.2°¢
Tritium
A - Units in ppb unless otherwise noted
8 . Based on ICP/MS data
€ - Units in pCi/L
P — Units in umho/em

WP 3-45

Background
Concentration®

<328

<50

3.9 + 2.48

42 20

0.3

<0.028

<508

<0.28

40,400 £ 10,300
10,300 + 6,500
4.0 x2.0°

<1B

<10

370 £ 100

<0.58

11,800 * 3,400
7 25

<0.1

<48

<1000

4,950 = 1,240
<28

<10

18,260 * 10,150
236 % 102
34,300 £ 16,900
1.7 + 0.8€

17 £ 9

6 + 2

123,000 + 21,000
7.64 £ 0,16

586 % 347

380 % 82°

2.5 % 1.4°
19 * 12°¢
0.2°

200°
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natural gradient north toward the river was reestablished, contamination which
migrated to the south of the site when the mound was present would be upgradient
when the natural northern gradient was reestablished. Second, local reversal of the
ground water flow due to river level fluctuations may alter upgradient conditions,
particularly along the 116-K-2 trench which is relatively close to the river, Three,
ground water migration from facilities outside of the 100-K Area may impact
upgradient conditions. For example, contamination has apparently migrated from the
200 Areas in the unconfined aquifer through Gable Gap (Plate 1).

3.1.3.2 Ground Water Contamination.

3.1.3.2.1 Shallow Ground Water (Producing Layers A and B). Shallow
ground water, i.e. from producing layers A and B in the Ringold Formation in and
around the 100-K Area, has been contaminated as a result of site waste disposal
practices. A site map indicating the minimum and maximum concentrations of
selected chemical constituents in 1988 is presented in Figure 3-5. Concentrations of
select ground water contaminants versus time are summarized in Tables 3-15 through
3-18 and Figures 3-6 through 3-14.

Parameter selection was based on known contaminant problems elsewhere
within the Hanford Site and on available data. Specific wells were selected because
they are considered representative of the variety of conditions that may be
encountered, including upgradient conditions, and the length of their data record. The
selected wells include two background wells (6-66-64 and 6-72-73); one well more or
less in the center of the 100-K Area (K11); the four wells around the 105-KE fuel
storage basin (K27 through K30); and three wells along the 116-K-2 trench (Wells
K19, K20, and K22). Detailed information for these parameters from these wells is
described below by parameter.

Because of the limited amount of data, meaningful contaminant plume maps for
the 100-K Area cannot be prepared at this time. Because of the numbers of potential
sources and their different time frames, there may be overlapping plumes which would
not be distinguishable with the present data. However, the available data do provide
at least qualitative information on potential source locations and intensity.

Temperature. Temperature data are considered to represent process impacts
because of the high temperatures of the discharging cooling water and continued heat
transfer due to radiocactive decay in contaminated soil and similar sources. Table 3-15
is a summary of available ground water temperature data for select wells, and Figures .
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Table 3-15. Ground Water Temperature in
Select 100-K Area Monitoring Wells.
Date “K-11 1-K-19 1-K-=20 I-K-=22 1-K-27 1-K=28 1-K—-29 1=K-30 6-66—64 6-72-73
12/17/76 17.3 19.3 21.4 20.38 - et w— - 15.8 18.7
3/15/79 - 20.6 20.4 20.4 - - — - 15.9 17.7
11/2/79 - 22.2 - - -— -- - - - -
1/12/80 18.4 22.3 21.6 - - - - - 14.9 17.1
2/20/85 —-— 24.0 21.5 22.4 - —— -— - - -—
3/2/85 17.2 - - ~— 17.1 -— - - - -
3/26/85 17.7 -
4/30/85 17.9 - - - 16.7 18.1 - 16.5 - —
5/10/85 - 23.0 21.1 22.1 - - -- - - —
5/22/85 18.6 - -— —
8/4/85 17.4 —
9/13/85 -— 17.3 - -
9/14/85 - 16.9 - -
9/15/85 16. 4 17.2 17.2 - - -
9/17/85 — - 20.5 - -— - - - - -
9/18/85 - 17.3 — -
9/22/85 17.2 -
10/18/85 18.0 - - — 17.7 18.0 - - - -
10/19/85 18.0 - - -
10/20/85 —— 17.8
11/2/85 - 23.6 23.5 - - - - - -
11/16/85 - 23.3 20.6 22.1 - - - - - -—
12/4/85 17.8 - _— - 16,4 —— 22.1 17.0 - -
12/17/85 17.1 -
3/7/87 - 23.0 - - - - - - -
3/19/87 -— - 20.0 - - - - -- -- -
3/20/87 16.0 - -
4/22/87 e 25.0 - - - -- - - - -
4/23/87 18.0 18.0 17.0 -- -
4724/87 18.90 - 24.0 23.0 17.0 - - — - -
7/29/87 15.0 16.0 16.0 17.0 - - - - - -
7/30/87 - - - -- 15.0 15.0 - -- -- --
8/1/87 16.0 16.0 - -
10/17/87 17.0 - - -
10/21/87 -— - - 21.0 15.0 -- - - —— ——
3/1/88 - 15.0
6/25/88 - 18.0
2/15/89 — - - - 16.0 17.0 17.0 16.0 -
2/17/89 18.0 24.0 22.0 20.0 - - — - - -

WP 3-49/(WP 3-50 Blank)
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Table 3-17. Available Analysis Data Nitrate Occurrence
in Ground Water Monitoring Wells 100~K Area

and Vicinity.

Well
Sampling
Date 1-K-=27 1-K-28 1-K-29 1-K~-30
9/14/85 43600
1/14/87 9090 27100 13700 44600
2/15/87 3000 9100
2/15/87 < 1000
3/20/87 57000
X 4/23/87 23000 11700 51700
S 4/23/87 23400 11800 58500
- 4/24/87 8720
: 4/24/87 8910
v 7/30/87 7000 22000
8/1/87 8450 49000
somy 10/17/87 7520 8970
- 2/15/89 22600 43400
.
s Source: PNL Annual Environmental Report for Hanford Site.
Notes: < indicate values below method detection limit.

Blank spaces indicate no data collected on that date.
Additional Data forthcoming from Paradox data base.

WP 3-56
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DRAFT A
Table 3-18. Hexavalent Chromium Concentrations
. in select 100-K Area Ground Water Monitoring Wells (ppb).
Well Date <>
No. Sampled Concentration
K 5/24/83 < 10.0 (1)
K-~11 4/24/87 29.0 (1)
K-19 3/7/87 100.0 (1)
4/22/87 97.0 (1)
7/29/87 101.0 (1)
K-20 8/17/85 152.0
9/17/85 171.0
9/17/85 173.0
3/19/87 137.0 (1)
4/24/87 146.0 (1)
7/29/87 141.0 (1)
N K-22 4724187 193.0 (1)
o 7/29/87 186.0 (1)
. 10/21/87 231.0 (1)
K-27 4/24/87 < 10.0 (1)
<z 7/29/87 < 10.0 (1)
10/21/87 < 10.0 (1)
e 2/15/89 < 10.0 (1)
. K-28 4/23/87 < 10.0 (1)
- 7/30/87 < 10.0 (1)
- 2/15/89 < 10.0 (1)
K-30 3/20/87 < 10.0 (1)
. 4/23/87 < 10.0 (1)
8/1/87 < 10.0 (1)
2/15/89 < 10.0 {1)
i 6-70-68 12/22/87 < 10.0 (1)
’ 3/1/88 < 10.0 (1)
;o 6/23/88 < 10.0 (1)
, 8/31/88 < 10.0 (1)
g 6-72=-73 _ 3/1/88 < 10.0 (1)
6/25/88 < 10.0 (1)
6-73-61 12/14/87 17.0 (1)
3/1/88 15.0 (1)
6/21/88 12.0 (1)
8/31/88 17.0 (1)
1/20/89 11.0 (1)
6-78-62 3/3/88 106.0 (1)
7/1/88 88.0 (1)
1/20/89 81.0 (1)

(1)Filtered Analysis Method
Threshold = 50 ppb

WP 3-57
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Figure 3—6. Ground Water Temperature vs. Time in 100-K Area

Wells K27, K28, K29, K30.
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Figure 3-7.

Ground Water Temperature vs. Time in 100-K Area
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Figure 3~8. Ground Water Temperature vs. Time in 100-K Area
Wells K19, K20, K22.




19-¢€ dM

p=a=001

TRITIUM CONCENTRATE (pCi/L)

1360000 —

680000 —

340000 —

LEGEND

o-e-a0-0 WELL K—-27
it WELL K—28
sramsea-s WELL K=29
ww-uuW WELL K-30

1700000 —

1020000 —

60000 —

40000 —

20000 ~—

!
1880 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990

Figure 3~9. Tritium Concentration vs. Time in 100—-K Area
Wells K27, K28, K29, K30. '
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Figure 3—10. Tritium Concentrate vs. Time in 100-K Areaq
Wells K11, K28, 6~66-84, 6-72-73.
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Figure 3—12. Nitrate Concentration vs. Time in 100—K Area

Wells K11, 6—-66—~64, 6-72-73.
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Figure 3—13. Nitrate Concentration vs. Time in 100-K Area
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3-6 through 3-8 are graphs of these data. The period of record is relatively short,
beginning in 1976, about 5 yr after reactor operations ceased; therefore, it is not
known if the ground water temperatures declined as did the water levels when
operations ceased. '

In general, the ground water temperatures range from about 15 to 19°C.
However, there are variations which may be indicative of potential offsite and onsite
sources. The temperature in the upgradient Well 6-66-64 has apparently increased.

In 1976, it was about 14.5 to 15.5°C, and in 1986 it was about 17 to 17.5°C. This
increase corresponds to an increase in tritium concentrations in this well, as discussed
in the next section. This may represent contamination from the 200 Areas migrating
laterally in the unconfined aquifer through Gable Gap (Plate 1). In contrast, the
temperatures in Well K30, near the 105-KE fuel storage basin, are not high in relation
to the other wells measured even though it has much higher tritium concentrations.
The temperatures in the three wells along the 116-K-2 trench (K19, K20, and K22)
range from 19 to almost 25°C, which is significantly higher than those for any of the
other wells considered. Also, the temperature in Well K19 has been increasing since
1976. This range of temperature is higher than even the maximum reported
temperature for the Columbia River upstream of the Hanford Site (Section 3.1.4).
This difference indicates there is probably a radionuclide source in the soils associated
with the 116-K-2 trench,

The temperatures for the seeps along the river bank is summarized along with
their descriptions on Table 2-5. The values cover a wide range, from 8.8 to 17.3°C,
although most are on the order of 11 to 13°C. Some of the higher temperatures 13 to
15.4°C are opposite the 116-K-2 trench (spring designations 7-1 and 7-2), which
would correlate with higher ground water temperatures in Wells K19, K20, and K22,
indicating a shallow source for these springs (McCormack and Carlile, 1984).

Tritium. Tritium, which is present in many Hanford waste streams, is a very
mobile radionuclide in ground water and therefore serves as a good indicator for the
extent of contamination from site operations. Well K30 currently is the only well in
which the concentration tritium is currently greater than the drinking water standard of
20,000 pCi/L (Evans et al. 1989). Table 3-16 is a summary of available tritium data
for select wells, and Figures 3-9 through 3-11 are graphs of those data. Similar to the
temperature data, the period of record is relatively short and begins after reactor
operation ceased.

The available tritium concentrations from the wells evaluated exceeded the
background concentration of 200 pCi/L. Tritium concentrations generally range from
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1,000 to 5,000 pCi/L, based on data from one of the background wells (6-72-73), two
of the wells along the 166-K-2 trench (K21 and K22) and two of the wells near the
105-KE fuel storage basin. The higher overall 100-K Area tritium concentrations, as
compared to the natural tritium concentrations, are probably residual from the ground
water mound created by process water infiltration. However, similar to the other
temperature data, there are variations which may be indicative of existing offsite and
onsite sources. In Well 6-66-64, the tritium concentration has increased from 1,500 to
6,000 pCi/L between 1976 and 1986, which may represent contamination from the
200 Areas migrating laterally in the unconfined aquifer through Gable Gap (Plate 1).
Conversely, the tritium concentrations in two onsite wells (K11 and K28) show
significant declines from over 10,000 pCi/L in the early 1980s to Iess than

4,000 pCi/L in 1989, indicating cessation of a currently unidentified source. A recent
source, the 105-KE fuel storage basin, has apparently contributed to the elevated
tritium concentrations in Wells K29 and K30, Tritium concentrations in Well K19
indicates it is also being influenced by an unidentified source. In Well K19, the
tritium concentration rose since 1980 to a high of about 50,000 pCi/L and
subsequently declined to about 5,000 pCi/L.

Tritium concentrations in three seep samples collected in 1982 along the
Columbia River shoreline adjacent to the 100-K Area range from about 870 to
5,490 pCi/L. The lowest concentration is upstream of the 100-K Area (seep 5-4A on _
Figure 2-16), and the highest concentration is on the northwest corner of the 100-K
Area (seep 6-1). The intermediate concentration, 1,400 pCi/L., was from Seep 7-1 on
the northeast corner of the main portion of the site.

Nitrate. Nitric acid, used in reactor decontamination, is a major source of
nitrate in the ground water beneath the 100 Areas. Nitrate concentration greater than
the MCL of 45 ppm have been noted in Wells K11, K19 and K30, Table 3-17is a
summary of available nitrate data for select wells, and graphs of nitrate concentrations
versus time are included in Figures 3-12 through 3-14. The trends in the nitrate
concentrations are similar to the trends in the tritium concentrations. This is not
unexpected considering both contaminants are found in reactor cooling water
discharges.

As with the temperature and nitrate data, several of the wells show limited or
no evidence of contamination (nitrate concentrations generally less than 10 ppm), but
others indicate potential on- and offsite sources. In the upgradient Well 6-66-64, the
nitrate concentration has increased from 10 to 20 ppm, along with the temperature and
tritium concentrations. The nitrate concentration in Well K11 is relatively high and
may be due to effects from adjacent, active septic tanks and drainfields. The elevated .
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nitrate concentrations in Wells K29 and K30 (20 to 60 ppm) correspond to elevated
tritium concentrations. Wells K19 and K20 have apparently been affected by an onsite
source (20 to 95 ppm).

The Cr*¢ reported values above drinking water standard appear to be consistent
and reproducible over the reporting periods. Tt is not clear from the literature (Evans
et al. 1989) if the relatively recent occurrence of chromium (first appearing in the
database in early 1987) is because Cr*® analyses were not requested prior to 1987 or it
was not detected in samples collected prior to 1987.

The only other trend apparent in the Cr*S data is the variation in concentrations
along the 116-K-2 trench. In Well K19 at the northwest corner of the main portion of
the trench, the Cr*® concentration is approximately 100 ppb. In Well K20 the
concentration is approximately 140 to 170 ppb. In the well most distant from the inlet
end of the trench, K22, the concentration is about 185 to 230 ppb. This increase is
the opposite of the decrease noted in tritium and nitrate concentrations. The reason
for the differing trends is not yet known but could be due to differences in
contaminant mobility, the preferential distribution of Cr*¢ in the trench or influence of
adjacent operable units (e.g., 100-N Area).

The nitrate concentration in three seeps along the Columbia River Shoreline
(seeps 5-4A, 6-1, and 7-1 on Figure 2-16) were all less than 1 ppm indicating the
nitrate contamination in the ground water is dissipating or not reaching the river.

Hexavalent Chromium. Hexavalent chromium (Cr*®) is also a contaminant of
concern in and around the 100 Areas. During reactor operations, sodium dichromate
was used to control oxidation of aluminum parts of the cooling systems, while
chromic acid was also used to decontaminate dummy fuel elements.

Hexavalent chromium concentrations have exceeded the drinking water standard
of 50 ppb at three monitoring well locations (Wells K19, K20, and K22) in the 100-K
Area and in one of two nearby 600 area wells (Well 6-73-61) where measurable
quantities were noted (wells 6-73-61 and 6-78-62). Trace amounts of Cr*® at or
below the detection limit of 10 ppb were also noted in three of the four wells (K27,
K28 and K30) adjacent to the 105-KE fuel storage basin, in the centrally located K11
well, and in 600 Area wells 6-70-68 and 6-72-73. Table 3-18 provides a summary of
available Cr*® analytical results. The Cr*® concentrations were not plotted as a
function of time due to the limited amount of data. No Cr*S data currently are
available for the seeps along the Columbia River shoreline,
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3.1.3.2.2 Deeper Ground Water (Producing Layers C and D and the
Uppermost Basalt Producing Layer). The presence or absence of contamination in
deeper producing layers (e.g. layers C and D in the Ringold Formation and the
uppermost producing layer in the basalt) has not yet been determined at the 100-K
Area. Well 199-B3-2 in the 100-B/C Area, which is completed in the Basal Ringold
Unit and the basalt, is reportedly contaminated, but may be due to well construction
difficulties rather than downward contaminant migration into the aquifer.

3.1.4 Surface Water and River Sediment

Routine monitoring of Columbia River water and sediment began in 1945, soon
after the startup of operations at the Hanford Site, and continues today as part of the
surface environmental monitoring project. The monitoring programs have undergone
several changes over the years in response to changing operational conditions and
improved monitoring techniques. Throughout the years, sample locations have been
maintained upstream of the Hanford Site, away from the influence of site operations to
provide information on the background conditions in the Columbia River. Other
sample locations downstream of all site facilities identify impacts from Hanford
operations. The purpose of the monitoring programs has been to determine the
overall impact of the Hanford operations. Therefore, increases in contaminant
concentrations observed downstream of Hanford usually cannot be attributed to any
one facility or operation.

Results of the monitoring programs are published annually in the Hanford
ground water monitoring reports. Monitoring data on the Columbia River are
included here to give an overview of the known and potential contaminant
concentrations present in the river system (Jacquish and Bryce 1989).

3.1.4.1 Background Surface Water Quality. Columbia River water samples are
collected upstream of Hanford facilities at Priest Rapids Dam and near the Vernita
Bridge to provide background data from locations unaffected by site operations -
(Jacquish and Bryce 1989). Samples collected at Priest Rapids Dam are analyzed for
radiological constituents, while nonradiological analyses are performed on those
samples collected near the Vernita Bridge as part of the surface environmental
monitoring project. In addition water quality of the Columbia River is monitored by
the U.S. Geological Survey as part of the National Stream Quality Accounting
Network, which provides primarily hydrologic and nonradiological water quality data
(McGavock et al. 1987).
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Two methods of water sampling were used to collect radiological samples: a
composite system that collected a fixed volume of water at set intervals at each
location during each sampling period and a specifically designed system that
continuously collected waterborne radionuclides from the river on a series of filters
and ion-exchange resins. As seen in Table 3-19, radionuclide concentrations in the

river water upstream of 100-K Area were extremely low in 1988 (Jacquish and Bryce
1989).

Several of the radionuclides identified are undetectable without the use of
special sampling techniques and/or analytical procedures. Radionuclides consistently
found in measurable quantities in river water are: °H, *Sr, I, /U, #*U, #*U, and
239240py . These radionuclides exist in worldwide atmospheric fallout, as well as in
effluents from Hanford facilities. In addition, tritium and uranium occur naturally in
the environment. The 1988 average radionuclide concentrations shown in Table 3-19
are more than an order of magnitude lower than the applicable drinking water
standards in all cases (Jacquish and Bryce 1989).

Nonradiological water quality data for the Columbia River upstream of the
Hanford Site are summarized in Table 3-20. The data are used as indicators of water
quality, and include a number of parameters for which no regulatory limit exists.

3.1.4.2 Surface-Water Contamination. Radiological and nonradiological pollutants
are known to enter the Columbia River along the Hanford reach (Stenner et al. 1988).
In addition to direct discharges from Hanford facilities, effluent contaminants
discharged to ground water years earlier are known to seep into the river.
Nonradiological pollutants entering the river may include irrigation returns and ground
water seepage from extensive agricultural practices north and east of the river.

The nearest Columbia River water samples collected downstream of the 100-
KR-4 operable unit were taken at the 300 Area water intake and the city of Richland
pumphouse. These samples are used to identify any possible influence on contaminant
concentrations from Hanford operations (Jacquish and Bryce 1989). Samples from the
300 Area water intake are analyzed for radiological constituents (Table 3-21), while
the Richland pumphouse samples are analyzed for radiological and nonradiological
parameters (Tables 3-22 and 3-23). All radionuclide concentrations observed during
1988 at the 300 Area water intake and the Richland pumphouse were well below
applicable drinking water standards.
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Table 3-19. Radionuclide Concentrations Measured in Columbia River Water
at Priest Rapids Dam, Upstream of the 100-K Area in 1988

HNo. of

Radionuclides® samples
Gross alpha 12
Gross beta 12
Tritium 12
sr 12
“sp 12
By 12
oy 12
=8y 12
Total uranium 12
%o P 20

D 20
128 D 4
1 P 1

D 1"
¥irg P 20

b 20
238,245Pu P 4

D 4

(Jacquish and Bryce 1989).

Concentrations (pCi/L)*

Maximum Minimum Average
Composite System
0.85 £ 0.81 -0.07 £ 0.20 0.31 ¢
2.31 = 1.00 0.06 £ 1.00 0.96 ¢
82 t 6 56 % 4 70 ¢
0.184 £ 0.084 -0.044 £ 0.072 0.019
0.15 = 0.03 0.05 = 0.03 0.10 2
0.27 =+ 0.06 0.11 ¢+ 0,03 0.20 ¢
0.014 & 0.013 -0.003 = 0,008 0.006 %
0.21 = 0.004 0.11 ¢ 0.03 0.17 2
0.48 = 0.07 0.23 £ 0.05 0,37 &
Continuous Systam
0.0018 ¢ 0.01% -0.0012 + 0.029 -0.0005 &
0.0042 £ 0.041 -0.0027 & 0.0042 -0.0009
0.000045 + 0.000005 0.000006 ¢+ G.000000%1 0.000017 =
0.0026 = 0.0037 ~0.0011 £ 0.0043 0.0008 =
0.0038 * 0.0073 0.0068 + 0.0114 -0.0007 2
0.004 £ 0.0024 0.0002 £ 0.0010 0,0018 *
0.0067 & 0.0040 -0.0019 + 0.0040 0.,0028 2
0,00010 £ 0.00008 0.000002 + 0.000007 0.00006 =
0.00010 + 0.0001&6 0.00002 & 0.00005 0.00006 =

Drinking
water

standard®
0.17 15
0.48 50
6 20,000
0.038 20
0.02 8
0.03 -2
0.003 -0
.0.02 -0
0.04 -0
0.0008 100
0.0011
0.000019
0.0023 3
0.0005
0.0011 200
0.00005 --0
0.00004

Maximum and minimum values t2 sigma counting error; average +2 standard error of the calculated

mean; it is not uncommon for individual measurements of envircnmental radicactivity to result in

values of zero or negative numbers from subtracting out instrumental background.
Radionuclides measured using the continuous system show the particulate (P) and dissolved (D)

fractions separately; other radionuclides are based on samples collected by the composite system
WAC 248 and 40 CFR 141

Dashes indicate no drinking water standard
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Table 3-20. Nonradiological Water Quality Data
for the Columbia River Upstream of the 100-K Area in 1988

Analyses

pH

8.5

fecal coliform #/100 mL
Total coliform
Biological oxygen demand
Nitrate

Temperature®
Dissolved oxygen
Turbidity
pH
8.5
Fecal coliform
Suspended solids, 105° C
Dissolved solids, 180° C
Specific conductance
Kardness, as CaCO;
Phosphorus, total

NA
Chromium, dissolved
Nitrogen, Xjeldahl
Total organic carbon
Iron dissolved

Ammenia, dissolved (as N)

pmhos/cm

(Jacquish and Bryce 1988).

No. of
Units samples

- 12

12

#7100 mL 12
ma/L i2
mg/L 12

U.S. Geological Survey sampling program®

°c 365

mg/L
NTU

#/100 mL
mg/L N
mg/L

ma/L
ma/L

Bg/L
ma/L
mg/L
rg/L
mg/L

oNWSsWH OOV OAORODM

+

WAC 173-201
Annual median

- Not applicable
Not reported

ZE T MO A E >

o >
]

Average values t2 standard error of the calculated mean

- Provisional data subject to revision
Maximum and minimum represent daily averages
Mephelometric turbidity units

WP 3-73

Max imum

8.5
130

1,600

5.2

0.23

19.6
13.4,

8
.8

Pacific NorthWwest Laboratory environmental monitoring

Anrual State

average* standards®

NA 6.5 to

2° 100

48 NA

2.1+ 0.8 NA

0.14 ¢ 0.03 NA
11.3 20 {maximum)
11.5 £ 1.4 8 (minimum)
1.0 £ 0.4 5 + background

NA 6.5 to

2° 100

NA

816 NA

140 = 15 NA

68+ 7 NA

0.023 = 0.004

<1 NA

0.28 + 0.1% NA

2.1 £ 0.7 NA

28+ 3 NA

0.02 + 0.02 NA
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Table 3-21. Radionuclide Concentrations in Water Samples Taken
at the 300-Area Water Intake in 1988
(Jacquish and Bryce 1989).

Drinking
No. of Concentrations (pCi/L)* water
Radionuclides® samples Maximum Minimum Average standard®
Composite System
Gross alpha 4 0.76 & 0.48 0.38 + 0.42 0.52 & 0.7 15
Gross beta 4 1.55 & 1.24 0.37 + 1.21 1.02 ¢+ 0.54 50
Iritium 3 0+ 6 128 + 6 148 + 24 20,000
Sr 4 0.110 = 0.107 -0.073 £ 0.133 0.016 & 0.079 20
s 4 0.14 + 0.04 0.09 ¢ 0.03 0.12 & 0.02 8
B4y 4 0.33 + 0,05 6.2 2 0.05 0.27 1 0.05 -0
25y 4 0.00% + 0,013 0.002 ¢ 0.008 0.006 & 0.003 -
2y 4 0.24 + 0.05 0.18 + 0.05 0.20 ¢+ 0,02 --
Total uranium 4 0.58 : 0.07 0.41 £ 0.07 0.48 + 0.07 --
Continuous System
%o p 23 0.0023 + 0.0012  -0,0003 & 0.000% 0.0010 + 0.0003 100
D 23 0.0063 & 0.0045  -0.0003 + 06.00032 -0.0026 + 0.0007
120 D 4 £.00011 + 0,0000% 0,000054 ¢ 0.000006  0.00000 ¢ 0.00003 1
Il P 14 0.0020 ¢ 0.0030 0.0015 + 0.0032 0.0002 t 0.0006 3
D 14 0.0114 = 0.0055 0.0020 + 0.0078 -0.0015 & 0.0021
Bieg P 23 0.0037 &+ 0.0028  -0.0002 z 0.0007 0.0014 = 0.0005 200
D 23 0.0066 &+ 0.0028 G.0000 2 0.0014 =-0.0035 = 0.0007
#8240py P 4 0.00005 &+ 0.00004 0.0000% + 0.00001 0.00003 + 0.00002 --
D 4 0.00003 + 0.00005 ©0,00003 ¢ 0.0 0.00001 £ 0,00001

Maximun and minimum values 22 sigma counting error; average 2 standard error of the calculated
mean; it is not uncommon for individual measurements of environmental radicactivity to result in
values of zero or negative numbers from subtracting out instrumental background

Radionuclides measured using the eontinuous system show the particulate (P) and dissolved (D)

fractions separately. Other radionuclides are based on samples collected by the composite system
z WAC 248 and 40 CFR 141

Dashes indicate no drinking water standard

WP 374



=y

DOE/RL-90-21
DRAFT A

Table 3-22. Radionuclide Concentrations for the Columbia River
at the City of Richland Pumphouse in 1988
(Jacquish and Bryce 1989).

No. of Concentratiens (pCi/t)* water
Radionuclides® Samples Max imum Minimum Average standard®
Drinking
Composite System
Gross alpha 12 0.76 & 0.42 ~0.04 ¢+ 0.23 0.29 = 0.13 15
Gross beta 12 1.62 = 1.23 -0.02 £ 0.89 0.87  0.29 50
Tritium 12 160 = 7 985 132 £ 10 20,000
%gp 12 0.098 + 0.083 -0.72 £ 0.68 0.002 ¢ 0.28 20
g 12 0.17 & 0.03 0.08 + 0.03 0.12 £ .0.02 3
By 12 0.28 & 0.05 0.04 2 0.02 0.22 ¢ 0.04 --°
2385 12 0.044 ¢ 0.020 -0.005 = 0.000 0.009 + 0.007 -
By 12 0.25 = 0.05 0.07 ¢+ 0.03 0.18 £ 0.03 --
Total uranium 12 0.57 £ 0.07 0.1 ¢ 0.04 0.41 &+ 0.07 --
Continuous System
*co S 23 0.005¢ £ 0.0038 -0.0002 £ 0.0013 -0.0014 = 0.0005 100
D 23 0.0113 & 0.0071 -0.0010 # 0.0036 0.0029 £ 0.0011
126 ) 4 0.00014 ¢ 0.00002 0.000069 + 0.000007  ©.00019 ¢+ 0.00003 1
| P 12 0.0022 2 0,0025 -0.0011 £ 0.0034 0.0005 x 0.0006 3
D 12 0.0101 £ 0.0164 -0.0116 x 0.0205 0.0011 ¢ 0.0033
Weg P 23 0.0057 + 0.0017 -0.0004 £ 0.0014 -0.0019 £ 0.0005 200
b 23 0.0130 ¢+ 0.0059 ~0.0012 £ 0.0034 -0.0031 £ 0.0014
Z0.240p P 4 0.00013 + 0.00006 -0.00002 + 0.00001 0.00007 + 0.00005 -
D & 0.00005 £ 0.00011  0.00005 + 0.000057 0.00003 2 0.00003
A Maximun and minimum values *2 sigma counting error; average x2 standard error of the calculated
mean; it is not uncommon for individual measurements of environmental radicactivity to result in
values of zero or negative numbers from subtracting out instrumental background
8 Radionuclides measured using the continuous system show the particulate (P) and dissolved (D)
fractions separately; other radionuctides are based on samples collected by the compesite system
; WAC 248 and 40 CFR 141

Dashes indicate no drinking water standard.
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Table 3-23. Nonradiological Water Quality Data

for the Columbia River at the
Richland Pumphouse in 1988
(Jacquish and Bryce 1989).

Analysis

pH

8.5

Fecal coliform

Total coliform
Biological oxygen demand
Nitrate

Temperature®

Dissolved oxygen
Turbidity

pH

8.5

Fecal coliform
Suspended solids, 105° ¢
Dissolved solids, 180° C
Specific conductance
Hardness, as CaC0,
Phosphorus, total
Chromium, dissolved
Nitrogen, Kjeldaht

Total organic carboen
Iron dissolved

Ammonia, dissplved (as N)

Unit

No. of
samples Max imm

pacific Northwest Laboratory environmental monitoring

#7100 mL
#7100 mL

mg/L
mg/L

12 8.3
12 70
12 240
12 2.5
12 1.1

U.S. Geological Survey sampling program’

°¢
mg/L
NTU"

#7900 ml
mg/L
mg/L

pmhos/cm
m3/L
mg/L
kgsL
mg/L
mg/L
ag/L
mg/t

WAC 173-201
Annuat median

MmO O ® »

KA - Not applicable

- Provisional data subject to revision
- Maximum and minimum represent dajly averages
= Nephelometric turbidity units

w
o
ul

20.0
13.2

S m 00—

HWRHWWW W W WS W
-l
u
[+ 3

- Average values 12 standard error of the calculated mean

Annual State
Minimam average® standard®
7.3 NA 6.5 to
2 100
9 70° HA
0.7 1.7 £ 0.4 NA
0.06 0.3 0.2 NA
1.4 1.6 20 (maximum)
16.3 | 1.7+ 1.5 8 {minimum)
0.6 1.0 £ 0.6 5 + background
7.9 NA 6.5 to
<1 7 100
<1 2.7+ 1.8 NA
74 83 2 10 NA
122 139 2 17 NA
62 719 NA
0.02 0,023 + 0,007 NA
<] <1 NA
<0.2 0.27 & 0.07 HA
1.3 2.2+ 0.8 KA
4 5.2 2 2.7 KA
<0,01 0,03 + 0.02 NA

Except for three analytes, concentrations observed at the 300 Area water intake
and the Richland pumphouse were similar to those observed at Priest Rapids Dam,
indicating no measurable effect from Hanford operations at these locations. Only °H,
%Sr, and I concentrations appeared to be significantly higher at the city of Richland
pumphouse than at Priest Rapids Dam, thus indicating a possible influence from
Hanford operations. The statistical analysis consisted of a paired sample comparison,
using the Student’s t-test of differences and a 5% significant Ievel. No other
significant differences were noted between concentrations of radionuclides at the 300
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Area water intake, city of Richland pumphouse, and Priest Rapids Dam during 1988
(Jacquish and Bryce 19§9).

Nonradiological river water quality data at the Richland pumphouse for 1988
are summarized in Table 3-23. In general, concentrations of nonradiological water
quality parameters were similar at Priest Rapids Dam and the city of Richland
pumphouse. There is no indication of any significant nonradiological deterioration of
water quality along the Hanford reach of the Columbia River resulting from Hanford
operations. As was the case at Priest Rapids Dam, applicable standards for Class A
waters were met at the Richland pumphouse (Jacquish and Bryce 1988).

Although available data show the levels of radiological and nonradiological
contaminants in the Columbia River water to be low, localized areas of elevated
concentrations attributable to the 100-KR-4 operable unit may exist.

3.1.4.3 Background Sediment Quality. Columbia River sediment has been sampled
intermittently since 1945. Routine sediment sampling occurred from 1945-1960.
Background sediment sampling for the Hanford Site was conducted at Priest Rapids
Dam in 1976 (Robertson and Fix 1977) and special studies were ongoing in the late
1970s and early 1980s (Sula 1980; Beasley et al. 1981), Cesium-137 was the most
abundant fallout radionuclide detected, with trace amounts of *Pu, 2*?%Py, and
#1Am also present in the 1977 study.

Sediment sampling above Priest Rapids (upstream of Hanford) and McNary
dams (downstream of Hanford) were recently reinitiated as part of the surface
environmental monitoring project. Results of analyses on samples collected during
1988 were published by Jacquish and Bryce in 1989 (Table 3-24). Concentrations
observed above Priest Rapids Dam reflect concentrations upstream of all Hanford
facilities and thus provide background information on sediment concentrations for the
100-KR-4 operable unit. Analyses of the sediment samples included gamma scans,
%Sr, ¥°U, ¥*Py, and ¥ Pu. Background information for chemical constituents in
sediment is not available. -

3.1.4.4 Sediment Contamination. Radionuclides, including neutron activation
products, fission products, and trace amounts of transuranics, were discharged into the
Columbia River from early plutonium production in the 100 Areas. The radioactive
material was dispersed in the river water and some was absorbed onto detritus and
inorganic particles, incorporated into the aquatic biota or, in the case of larger
particles of insoluble material, deposited on the riverbed. Some of this material has
been deposited along the shoreline areas above the low river level. Radiation surveys

WP 3-77



DOE/RL-~90-21
DRAFT A

of the exposed shorelines from the Vernita Bridge upstream from the 100-B/C Area,
to the confluence of the Snake River during 1978 and 1979 revealed areas within and
adjacent to 100-KR-1 with elevated exposure rates (>25 pR/hr). The maximum
reading for this area was measured at 250 pR/hr in an area that extended
approximately 450 ft (150 m) downstream of the 107-K retention basins on the
Hanford (south) side of the river (Sula 1980).

Table 3-24. Radionuclide Concentrations in Sediments Collected at
Priest Rapids Dam and McNary Dam in 1988
(Jacquish and Bryce 1989).

Locations Radionuclides

Priest Rapids Dam o

®sr
IB‘CS
|37cs
258
mBuB
Rpy

239.240Pu

McNary Dam %o
®gp

13‘cs
137cs
295u5
ﬁaua
oy

23!.240Pu

Concentrations (pCisLY*

No. of

samples Maximum Minimum Average
4 0.014 : 0.018 -0.012 & 0.012 0.003 2 0.012

4 0.072 ¢ 0.006 0.0048 z 0.0037 0.026 z 0.031

3 0.0098 & 0.018 -0.0021 z 0.011 0.0049 + 0.0072
4 0.28 =+ 0.03 0.24 £ 0.02 0.26 £ 0.02

4 0.0597 & 0.15 0.007 2 0.12 0.063 = 0.042

4 0.79 + 0.38 0.67 £ 0.36 0.73 + 0.05

4 0.00026 &+ 0.00017 0.00004 = 0.0000& 0.00015 = G.00009
4 0.0028 = 0.0007 0.0015 = 0.0003 0.0023 & 0.0006
4 0.36 + 0.03 0.15 & 0.03 0.27 £ 0.1

4 0.058 ¢+ 0.006 0.036 z 0.005 D.04% £ 0.00%
3 0.057 ¢ 0.02% 0.030 =z 0.0%4 06.044 2 0.016
4 0.79 2 0.05 0.63 2z 0.04 0.69 + 0.07

4 0.22 £ 0.14 -0.09 2 0.16 0.05 £ 0.13

4 0.890 = 0.4%9 0.63 1z 0.3 0.78 £ 0.12

4 0.00059 z 0.00028 0.00020 + 0.00020 0.00043 : 0.00018
& 0.017 & 0.001 0.009 2 0.001 0.010 = 0.001

A _ Maximum and minimum values $2 sigma counting error; average :2 standard error of the calculated mean
B . 2% and P% by low-energy photon detector (LEPD) method
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Results from recent sediment-sampling activities at McNary Dam are available
for calendar year 1988 (Jacquish and Bryce 1989) and are summarized in Table 3-24.
Surface sediments behind McNary Dam are known to contain low levels of Hanford
origin radionuclides (Robertson and Fix 1977; Beasley et al. 1981) in addition to
radionuclides due to general atmospheric fallout. Concentrations of ¥Co, ®Sr, *Cs,
B7Cs, 2Py, and P*2“Pu were higher in sediments from behind McNary Dam than
from behind Priest Rapids Dam (Jacquish and Bryce 1989). At this time, it is not
known if or what percentage contribution the 100-K Area operations contributed to
these higher-than-background radionuclides in sediments behind downriver dams.
Data on chemical characterization of sediments are not currently available.

3.1.5 Air

Routine monitoring of the air, both on and off the Hanford Site has occurred
since the early production operations. The focus of these programs has been airborne
radionuclides.

For a more detailed discussion of meteorology and air monitoring, see Sections
2.2.5 and 3.1.5 of the 100-KR-1 Work Plan.

3.1.6 Biota

3.1.6.1 Agquatic Biota. Site specific data concerning the contamination levels of
aquatic fauna in the 100-KR-4 operable unit vicinity are sparse. However, applicable
data from other resources are available to identify the extent of aquatic biota
contamination. For example, Jacquish and Bryce (1989) have published data on
contamination in whitefish muscle and carcass collected upstream of the Hanford Site
boundary and downstream near the 100-D Area (Table 3-25). Similar data are
available for years before 1988 in the annual Hanford radiological surveillance .
reports. The levels reported in earlier years, ctrca 1980, are similar to those shown in
Table 3-25. An extensive survey with applicable data was done in the 100-F Area

WP 3-79/(WP 3-80 blank)






[N ]

TypefLocation

Whitefish muscle
upstream of site boundary
100-K Area vicinity

Whitefish carcass
upstream of site boundary

100-K Area vicinity

‘Table 3-25.

o, pCifg wet weight ™

No. of
samples Max imum Averace

5 0.011 £ 0.023 ©0.005 + 0.006
10 0.035 £ 0,026 0.016 + 0.012
NS - -——
NS —— ——

sy poifg wet weight ®

No. of
samples

10

10

Haximoem
0.003 = 0.003
0.005 = 0,006
0.054 = 0.007
0.064 = 0,005

Average

0.001

0,001
0.031

0.026

0.001

0.001

0.016

0.009

DOE/RL-90-21

Radiopuclide Concentrations in Agquatic Fauna Above and Below the 100-K Area
(Jaguish and Bryce 1989).

PRAFT A
Wos peifg wet weight

No, of

samples Haximam Average

s 0.014 £ 0,021 0.008 % 0.010

10 0,039 £ 0.022 0,023 £0.010
Ns -— -
Ns — ———
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downstream from the 100-KR-4 operable unit in 1966-1967 while the reactors were
operating. The data represents radionuclides concentrations collected under those
conditions (Watson et al. 1970).

Cushing (1979) presents concentrations of 22 stable trace elements in
phytoplankton, caddisfly, larvae, and whitefish muscle. All these samples were
collected from the Columbia River, downstream of the 100-B/C Area including the
100-K Area.

3.1.6.2 Riparian Biota. The Columbia River shoreline adjacent to the 100 Areas is
a narrow band of riparian vegetation dominated by reed canary grass and other
grasses, sedges, and rushes.

Strontium-90 was measured in the leaves and stems of reed canary grass in the
riparian zone at selected locations downstream from the 100-KR-4 operable unit as far
as the city of Richland. The highest concentrations were measured in samples
collected near the 100-N Area and the lowest near Richland. Concentrations were
greater in samples collected near the 100 Areas than they were at the White Bluffs
ferry landing downstream from the 100-H Area (Rickard and Price 1989).

Tritium was measured in leaf water extracted from six black locust trees
growing just upstream of the 100-KW water intake. Maximum tritium concentrations
were 12,000 pCi/L. This was greater than the concentrations of tritium in well water
sampled near the trees (Rickard and Price 1989).

Strontium-90 was measured in the eggshells of Canada geese nesting on islands
in the Columbia River downstream from the 100-KR-4 operable unit near the 100-H
Area. Nests from an island near Ringold had slightly enhanced levels of *Sr.
However, the concentrations are too low to observe health or reproductive defects in
wild geese (Rickard and Price 1989).

It is expected that deep-rooted plants growing in the riparian zone of the
Columbia River can serve as biological indicators of chemical contamination in the
riparian environment (Rickard et al. 1978; Fitzner et al. 1981). Cadmium and
mercury have been measured in the nest debris (feces and food scraps) at one Hanford
Site heron rookery. The Ievels of these metals found in herons on the Hanford Site,
however, are lower than those reported elsewhere in the northwest (Fitzner et al.
1982). Heavy metal concentrations have also been examined in eggs and in young
herons from Hanford. No elevated levels were detected for lead, copper, zinc, or
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mercury (Blus et al. 1985). These data, however, provide a useful baseline for
comparison with future years.

Birds of prey, particularly owls, have been implicated in the spread of
radionuclides near the 100-D, 100-F, and 100-H Areas (Cadwell and Fitzner 1984).
Pellets (regurgitated, undigestible prey remains) were found that contained *Mn, ®Co,
¥7Cs, and ¥254155Eyu_ and two natural occurring radionuclides, “K and 2Ra. Mean
YICs concentration for barn owl pellets collected near these areas was 3.1
(+1.1)pCi/g dry weight. Pellet analysis indicated these owls were feeding mostly on
small mammals.

3.1.7 Site Conceptual Model

‘The data and evaluations discussed previously are integrated and summarized
in the form of a preliminary site conceptual model.

The two-fold purpose of the site conceptual model is to focus the RI/FS process
and provide a basis for the initial risk assessment. Many data are available, but, as
stated previously, they have limited use. These data were generally collected for other
purposes and, therefore may not be suitable for the RI/FS process. The site
conceptual model is shown schematically in Figure 3-15. The contaminant sources,
mechanisms for these contaminants to be released into other environmental media, and
potential pathways and receptors are summarized in this schematic. This schematic,
together with estimates of key parameters such as contaminant concentrations, is part
of the basis for modeling the initial human risks associated with the various
contaminants, pathways, and receptors.

The conceptual model is used to express qualitatively the best estimates or
understanding of the spatial distribution of contaminants in various media, contaminant
pathways, contaminant sources, physical and chemical characteristics of various
media. Key aspects of the site conceptual model are summarized as follows.

3.1.7.1 Sources. Although the potential contamination sources are numerous, the
major known sources of contamination that may affect ground water quality are listed
below:

®  The cooling water retention basins

®  Associated liquid waste disposal crib and trench
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m  The leak in the 105-KE fuel storage basin.

Other potential sources of contamination that are considered less significant,
based on the current knowledge of the site are:

®  Sludge that remains in the retention basins

m  Radiological contamination that remains in the ground at the effluent crib
and trench

¥  [15-KE and KW percolation cribs

m 1706 KER percolation crib

®  100-K Area burial grounds

m  105-KE and KW reactors

m  KE and KW thimble caves

m  Percolation trench used for sulfuric acid sludge disposal

®m  Percolation reverse wells used for sulfuric acid sludge disposal
B Percolation French drains used for sulfuric acid sludge disposal.

The highest-known concentrations of beta-gamma radiation in the 100-K Area
occur in the retention basin sludge, the retention basin fill dirt, the soil beneath the
basins, the scale and sludge that remain in the cooling water effluent pipelines, and the
soil in the 115-KE and KW and 1706-KER percolation cribs. Radiological
contamination has been shown to extend to a depth of at least 20 ft (6 m) beneath
most of the waste disposal sources sampled. The 100-KR-1 operable unit is the
largest source operable unit in the 100-K Area on the basis of surface area. Practices
in the 100-K Area are believed to have led to much of the existing ground water
contamination in the area although other sources may contribute as well. Source
information will be required to effectively screen remedial alternatives in the
feasibility stage of the RI/FS.

Information on nonradiological contamination at the site is sketchy and is
limited primarily to information on the chemicals used at the site and ground water
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sampling data. Large volumes of sodium dichromate were added to the cooling water
to inhibit corrosion of the cooling water system in the reactor. Also, chromic acid
was used as a decontamination solution in the reactor. Thus, it is assumed that the
main sources of chromium at the site are associated with the cooling water effluent
facilities, particularly the sludge in the basins and pipelines. The source of nitrate,
which has been detected in ground water in the 100-K Area and vicinity, is assumed
to be from the nitric acid used for decontamination procedures.

Limited data are available on the use of organic chemicals onsite. PCB-
containing transformers and hydraulic machinery were used in the 100-K Area. The
use of organic solvents has been mentioned in hearsay evidence, and solvent storage
tanks have been noted in review of building plans. There are no sampling or analysis
data concerning organic wastes or contamination in the source areas or the vadose
zone soils.

Another potential source is contaminated ground water in low permeability
material and in dead-end pore space within the aquifer and contaminated ground water
from other locations on the Hanford Site. Diffusion of contaminants out of the pore
space is believed to be slow, but perhaps long term. Understanding the magnitude
and rate of release from dead-end pores may affect remedial alternative screening and
selection. Understanding the nature and extent of contaminants in ground water
flowing into the 100-K Area may also affect remedial alternative screening and
selection.

3.1.7.2 Vadose Zone. The vadose zone consists primarily of relatively coarse-

- grained, unconsolidated sediments, such as gravels, from ground surface to the water

table. Key elements of the conceptualization of the vadose zone are listed below.

®  The lithology of the vadose zone is variable but consists primarily of
permeable sands, gravels, cobbles and boulders of the Hanford
formation. Veneers of fill, loess, and alluvium locally overlie the
Hanford formation. Less permeable cemented gravels of the Ringold
Formation are present beneath the Hanford formation and are also
partially unsaturated beneath much of the site.

®  The thickness of the vadose zone (i.e. the depth to ground water)
underneath the 100-K Area ranges from about 0 to 80 ft (0 to 24 m),
with the thinner portions closer to the river (i.e. beneath the 100-KR-1
operable unit). When the 100-K reactors were in operation, the vadose
zone may have locally been as much as 20 ft (6 m) thinner due to the .
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ground water mound formed by cooling water infiltration. Also,
fluctuations in the river level and subsequent fluctuations in the shallow
ground water level affect the thickness of the vadose zone.

Lower permeability lenses of finer grained sediments in the vadose zone,
such as silts and the cemented gravels, may have restricted downward
movement of infiltrating liquid wastes, resulting in a greater potential for
lateral migration. Locally, higher permeability lenses or layers could
create channels for contaminant migration.

The sediments and interstitial water in the vadose zone have been
contaminated with various radionuclides and possibly other materials due
to the disposal of liquid and solid wastes within the 100-KR-1, -2, and -3
source operable units. Most of the contaminants found in the vadose
zone are probably residual from the infiltration of large volumes of
cooling water during reactor operations. In contrast, the rates of
subsequent natural infiltration are low, on the order of tenths of an inch
of precipitation per year and may not even occur in some years.
Therefore, current contaminant migration rates through the vadose zone
are probably extremely low.

Contaminants present in the capillary portions of the vadose zone, i.e.
the contact with the water table, may be (or have been) more mobile
than in the shallower portions of the vadose zone. More rapid
dissolution or leaching of contaminants would be expected due to
frequent water level fluctuation in the capillary portion than due to
sporadic surface water infiltration throughout the vadose zone.

3.1.7.3 Ground Water System. The hydrogeologic system in the 100-KR-4
operable unit is conceptualized as being layers of coarse- and fine-grained sediments
overlying basalt. The significance of the stratification is that ground water movement
and contaminant transport are largely controlled by the nature and extent of the
various strafa in conjunction with the magnitude of the lateral and vertical hydraulic
gradients. The initial conceptualization of the hydrogeologic system in profile is
illustrated in Figure 3-16. Descriptions of the key hydrogeologic and water quality
elements of the site conceptual model follow.

The unconfined aquifer occurs in the relatively permeable sediments of
the Ringold Formation. Locally, lower permeability layers affect ground
water and contaminant flow by physical means (e.g., smaller pore size)
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and/or chemical means (e.g., reaction with cementing material). In the
shallower portion of the aquifer these layers are composed of cemented
gravels and in the deeper portion these layers are composed of claystone
and siltstone.

The depth to ground water underneath the 100-K Area ranges from about
0 to 80 ft (0 to 24 m) below surface. The shallower depths are closer to
the river due to topographic variations across the site. When the 100-K
reactors were in operation, the depth to ground water may have locally
been as much as 20 ft (6 m) shallower due to the ground water mound
formed by cooling water infiltration.

In general, the ground water flow in the upper portion of the unconfined
aquifer is to the north-northwest, i.e., toward the Columbia River.
However, at least the upper portion of the shallow aquifer is
hydraulically connected with the Columbia River. Therefore, the
changes in the river stage may directly affect the direction and rate of
ground water flow beneath the 100-K Area. Historically, the ground
water flow direction may have been radial from the 100-K Area due to
the ground water mound created by cooling water infiltration.

The upper portion of the unconfined aquifer has been contaminated with
tritium, nitrates, and chromium due to the operations in the 100-K Area.
Contaminants in sediments within both the current and historic zones of
water table fluctuations may be released more rapidly to the ground
water than shallower contamination. The difference in leaching rates is
due to the rapid variations in water level variations due to the river
influence versus slow recharge rates from infiltration of precipitation.

Upgradient wells may have been influenced by the historic ground water
mound and/or contaminant movement from offsite areas such as from the
separations area through Gable Gap.

A confined aquifer occurs in the lower Ringold sequence, which is
overlain by a thick clay unit of (the middle Ringold sequence), and
another occurs in the Rattlesnake Ridge Interbed, which is overlain by a
thick basalt unit. The depths to the tops of these two confined aquifers
beneath the 100-K Area are estimated to be about 400 and 525 ft (120 to
160 m), respectively.
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m It is not expected that any contaminants in the shallow portion of the
unconfined aquifer have migrated downward into the confined aquifers.
Both the expected vertical upward gradient from the confined aquifers
and the thickness and characteristics of the confining layers reduce the
likelihood of downward contaminant migration. Any contaminants which
may be present in the confined aquifers probably moved laterally from
offsite sources. However, locally, ground water meandering may have
induced a downward vertical gradient.

3.1.7.4 Surface Water and Sediments, Ground water from the upper portion of the
unconfined aquifer discharges to the Columbia River through springs near river level
and as baseflow through the river bed. Based on samples from some of the 100-K
Area wells, this ground water contains tritium, nitrate, and chromium at
concentrations above regulatory standards. However, regulatory standards are not
believed to be exceeded in the Columbia River because of dilution. Recreattonal users
at a point of ground water discharge (e.g., springs) would potentially be endangered if
the water were ingested prior to being received and diluted by the river, or by direct
contact with exposed sediments contaminated by the springs.

Contaminants are expected in association with near-shore sediments where
ground water from the 100-K Area is discharging to the Columbia River. Any threats
to the environment or public health from contaminated sediments is probably through
the food chain where aquatic plans would uptake contaminants from the sediments and
associated ground water,

3.1.7.5 Agquatic Biota. Although there are few site-specific data on aquatic biota in
the 100-K Area, studies at other 100 Areas sites and ongoing Hanford environmental
monitoring provide sufficient information for a general understanding of the biota at
the 100-K operable unit. Potential pathways that would affect biota or create human
risk begins with plant uptake of contaminants from sediments or aquatic organism
intake of contaminated ground water as described in Section 3.1.7.4, Surface Water
and Sediments. Other potential pathways include resident and visiting wildlife
ingestion of vegetation and aquatic organisms from the riparian zone and aquatic
environments in and along the Columbia River.

3.1.7.6 Terrestrial Biota/Air. The conceptual models for the transport of

contaminants via the terrestrial biota and air pathways is discussed in detail in the

100-KR-1 work plan. Because of the depth to ground water (0 to 80 ft [0 to 24 m]

below surface) and the veneer of clean fill over most of the site, the potential for

contaminant transport via these pathways does not appear to be significant. However, .

WP 3-94



P

DOE/RL-90-21
DRAFT A

during the field RI, drilling may result in contaminants being brought to the surface.
This, in conjunction with factors such as wildlife movement and frequent winds at the
site, will require strict adherence to health and safety procedures, dust control
measures, and soil and ground water containment procedures during activities such as
drilling.

3.2 POTENTIAL APPLICABLE OR RELEVANT AND APPROPRIATE
REQUIREMENTS

Remedial action at the 100-KR-4 operable unit is generally required to comply
with federal and state environmental laws and promulgated standards, requirements,
criteria, and limitations that are legally applicable or relevant and appropriate where
there is release or threatened release of hazardous substances, pollutants, or
contaminants. This is referred to as compliance with ARARs.

Three categories of potential ARARs will be evaluated. These are chemical-
specific ARARs, location-specific ARARs and action-specific ARARs. When the
requirements in each of these categories are identified, a determination must be made
as to whether those requirements are applicable or relevant and appropriate. A
requirement is applicable if specific term jurisdictional prerequisites of the law or
regulations directly address the circumstances at a site. If not applicable, a
requirement may nevertheless be relevant and appropriate if circumstances at the site
are, based on best professional judgment, sufficiently similar to the problems or
situations regulated by the requirements.

To-be-considered materials (TBCs) are nonpromulgated advisories or guidance
issued by federal or state governments that are not legally binding and do not have the
status of potential ARARs. However, in some circumstances TBCs will be considered
along with ARARSs in determining the necessary level of remediation for protection of
human health and the environment. '

The EPA has developed a two volume guidance document for preparing
ARARs in CERCLA Compliance with Other Laws Manual Draft Guidance, (1988d).
This guidance document defines the three categories as follows:

B  Ambient or chemical-specific requirements are usually health or risk-

based numerical values or methodologies that, when applied to site-
specific conditions, result in establishment of numerical values. These
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values establish the acceptable amount or concentration of a chemical
that may be found in, or discharged to, the ambient environment.

m  Performance, design, or other action-specific requirements are usually
technology or activity-based requirements or limitations of remedial
actions.

B Location-specific requirements are restrictions placed on the
concentration of hazardous substances or the conduct of activities solely
because they occur in special locations.

Potential chemical- and location-specific ARARs are identified on the basis of
the compilation and evaluation of existing site data. These ARARs need to be refined
during the feasibility study process by EPA, Ecology, and DOE. Potential action-
specific ARARs are discussed in this section and will be identified during development
of alternatives in the (RI/FS) tasks.

3.2.1 Chemical Specific Requirements

A chemical-specific requirement sets concentration limits in various
environmental media for specific hazardous substances, pollutants, or contaminants.
Based on existing data, contaminants that may be present in the 100-KR-1 operable
unit include PCBs, barium, chromium, copper, iron, lead, nitrate, sulfate, potassium,
mercury, fluoride, oxalic and sulfuric acids, tetrachloroethylene, “C, Ce and 'Ce,
16Ru, %¥Sr, ¥Co, 52Eu, and *H, ®Ni, 2*PU, *PU, *Te, and *Zr, U and ¥*U.
Contaminant exposure pathways include ingestion of soils and biota; inhalation of
particulates, dermal: contact with soils and building rubble, and exposure to radiation.
There are federal and state standards for air and water quality; however, there are no
soil remediation standards except for PCBs and uranium mill tailings. Typically,
radiation standards and health-related values are used to back-calculate acceptable
remediation levels for soil contaminants. The identified potential federal and state
ARARs are summarized in the following sections.

3.2.1.1 Federal Requirements. Federal chemical-specific requirements come from
five main citations in the Code of Federal Regulations (CFR).

3.2.1.1.1 Environmental Protection Agency Rules for Controlling

Polychlorinated Biphenyls under the Toxic Substances Control Act (40 CFR 761).
These regulations control the manufacture, processing, storage, disposal and cleanup
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of PCBs. Generally, PCBs are only regulated if the source of the spill contained
greater than 50 ppm PCBs. Spills that occurred before May 4, 1987 must be cleaned
up in accordance with the spill policy in 40 CFR 761.120. These regulations set forth
requirements based on specific circumstances.

3.2.1.1.2 U.S. Nuclear Regulatory Commission (NRC) Standards for
Protection Against Radiation (10 CFR 20). These regulations apply to activities
licensed by the NRC and specify radiation dose standards for individuals in restricted
and unrestricted areas. The standard for emissions to air in unrestricted areas are
potential ARARs both for ambient conditions and during any remedial action that
could affect the air pathway.

3.2.1.1.3 National Emission Standards for Radionuclide Emissions From
DOE Facilities (40 CFR 61.90). The standards for radioactive emissions from DOE
facilities apply to facilities owned or operated by the DOE except for any facilities
regulated under 40 CFR 190, 191, and 192. These standards could be either
chemical-specific or action-specific ARARs for the air pathway. The standards
mandate that emissions of radionuclides to air from DOE facilities shall not exceed
those amounts that cause any member of the public to receive in any year an effective
dose equivalent of 10 mrem/yr.

3.2.1.1.4 Environmental Protection Agency Safe Drioking Water Act
(SDWA) Regulation (40 CFR 141). The SDWA provides for the establishment of
drinking water quality standards for public water systems. These standards presented
in Table 3-26 are of interest for the Hanford Site.

Table 3-27 provides the annual average concentration limits for manmade
radionuclides of interest to the 100-KR-4 operable unit. These radionuclides are
assumed to yield an annual dose of 4 mrem to the indicated organ.

3.2.1.1.5 EPA Radiation Protection Standards for Managing and Disposing
of Spent Nuclear Fuel, High-Level and Transuranic Radioactive Wastes (40 CFR
191). These standards apply to radiation doses received by members of the public as
a result of the management and storage of spent nuclear fuel or high-level or
transuranic wastes at any disposal facility that is operated by the DOE. The standards
mandate that the combined annual dose equivalent to any member of the public in the
general environment resulting from discharges of radioactive material and direct
radiation shall not exceed 25 mrem to the whole body and 75 mrem to any critical
organ.
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Table 3-26. Radiological Drinking Water Standards

(EPA 1976).
Contaminants Limits
Gross alpha (excluding uranium) 15 pci/L
Combined ?*Ra and 2%°Ra 5 pCi/L
Radium-226 (State of Washington only} 3 pci/L
Gross beta and gamma radicactivity Annual average concentration shall
not from manmade radionuclides produce an annual dose from manmade

radionuclides equivalent to the
total body or any internal organ
dose greater than 4 mrem/yr. If two
or more radionuclides are present,
the sum of their annual dose
equivalent shall not exceed 25
mrem/yr. Compliance may be assumed
if annual average concentrations for
gross beta activity, °H, and ®sr are
less than 50, 20, and 8 pCi/L,
respectively.

Table 3-27. Annual/Average Concentrations of
Manmade Radionuclides in Drinking Water.

(EPA 1976).
Radionuclide Critical Organ Concentration
pCi/L
3H Whole body 20,000
0o GI (LLi)® 100
88sr Bone 20
g Bone marrow 8
gy Bone marrow 8
Bzr GI (LLiyW 200
SNb GI (LLi)™ 300
Y8ru GI (LLi)™ ) 30
1287 Thyroid 1
131 Thyroid 3
130g GI{s)™ 20,000
137¢g Whole bedy 200
(e Fatty tissue 2,000
Ribide! GI (LLi)™ 900
193pu GI (LLi)® 200
128gh GI (LLi)® 300

i  gagtrointestinal tract (lower large intestine)

3.2.1.1.6 EPA Clean Water Act Water Quality Criteria. Section 121 of
CERCLA states that remedial actions shall attain federal water quality criteria where .
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they are relevant and appropriate under circumstances of the release or threatened
release of hazardous constituents. The water quality criteria for the protection of cold
water aquatic life are potential ARARs for the Columbia River because of the fisheries
present in the river.

3.2.1.2 State of Washington Requirements. State of Washington chemical-specific
requirements are listed in five regulations and are discussed in more detail as follows.

3.2.1.2.1 Washington Standards for Protection Against Radiation (WAC
402-24). These regulations specify radiation dose standards for permissible Ievels of
radiation in unrestricted areas. Table II of Appendix A of 10 CFR 20 itemizes the
allowable concentrations in air above natural background.

3.2.1.2,2 Washington State Drinking Water Standards (Rules and
Regulations of the State Board of Health, Chapter 248054). These regulations are
identical to those promulgated under the Safe Drinking Water Act for the contaminant
of concern.

3.2.1.2.3 Washington Water Quality Standards (WAC 173-201). These
standards list the water quality of the Hanford Reach of the Columbia River as Class
A or excellent (Table 3-28).

3.2.1.2.4 Washington Dangerous Waste Regulations; Ground Water
Protection (WAC 173-303-G45). These regulations list MCLs for several site
contaminants; the standards are identical to the ones promulgated under the SDWA.

3.2.2 Action-Specific Requirements

Action-specific ARARs are requirements that are triggered by specific remedial
actions at the site. These remedial actions are not fully defined until the FS phase.
However, the universe of action specific ARARs defined by a preliminary screening
of potential remedial action alternatives will help focus the FS alternatives. Potential
action-specific ARARs for the 100-KR-4 operable unit are listed in Table 3-29,

WP 3-99




DOE/RL~90-21
DRAFT A

Table 3-28. Washington State Water Quality Standards for the
Hanford Reach of the Columbia River.

Parameter Permissible Levels
Fecal coliform organism 1) <100 organisms/100 mL
2)  <£10% of samples may exceed 200
Organisms/100 mL
Dissolved oxygen >8 mg/L
Temperature 1)  <20° C (68° F) due to human activities

2) When natural conditions exceed 20° C, no
temperature increase of greater than 0.3° C
allowed

3) Increases not to exceed 34/(T+9), where T =
highest existing temperature in © C outside of
dilution zone

pH 1) 6.5 to 8.5 range .
2) < 0.5 unit induced variation

Turbidity ' <5SNTU® over background turbidity

Toxic, radioactive, or Concentrations shall be below those of public

deleterious materials health significance, or which cause acute or chronic

toxic conditions to the aquatic biota, or which may
adversely affect any water use

Aesthetic value Shall not be impaired by the presence of materials or
their effects, excluding those of natural origin, which
offend the senses of sight, smell, touch, or taste

@ NTU = nephelometric turbidity units

Source: (WAC-173-201)
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Action

CHAPTER 1 - CLEAN AIR ACT

New Source Performance Standards

Storage of Petroleum Liquids

HAPTER 2 -~ TOMJCS/PESTICIDES
PEB storage prior to disposal

Table 3-29, Selscted Action-Spacific Potentlal
Applicable or Relavant and Appropriate Hequirements.

Requirements

Floating roof, wvapor recovery
system, or their equivalents

Floating roof or wvespor recovery
system

All storage aress”

Storage facilities must  be
constructed:

] With en adequate roof and
uslls

n Jith a fioor end curb of
irpervious reterials

L] Hithout drain valves, floor-
drains, expansion joints,
sewer lines or other
openfngs

] Above the 100-yesr flood
water level

Tempotary storage (30 days or less)

Temporary storage (up to 30 dsys
from the date of initial storage)
peed not comply with above storege
regulations for the following items:

m PCB articles and equipment
that are nonleaking

. Leaking articles and
equipment pleced in non-
leaking containers

L] PCB  containers centaining
non-liguid PCBs, such as

Prerequisites for Applicability

Storage vessel constructed after
6711773 and prior to 5/19/78 having
storage cepacity greater than 40,000
gallons, storing petroleum llquids
wuith vepor piessure equal to or
greater then 1.5 psia

Storage vessels constructed after
5718778 having storsge capacity
greater then 40,000 gaklons, storing
petroleum  liquids with  vapor
pressure equal to or greater than
1.5 paina

Storage of PCBs at concentrations of
S0 ppm or greater and PCB items with
PCB concentrations of 50 ppm or
greater

titation

&0 CFR section 60.112 (CAA)

40 CFR section 60.112(a) {CAA)

Toxic Substances Control Act (TSCA)
&0 CFR mection 761.65

40 CFR gection 761.63 (TSCA)

VI0LAYVAA
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PCB Storage Prior to Disposal

Marking of PCBs

s

Table 3-29. Sslacted Actlon-Specific Potential

Applicable or Relevant
Requirements

contaminated soil, rags,
debris

= Liquid pPc8 containers
containing PCBs between 50-
500 ppm if covered by a
spill prevention, control,
and countermessure plan

ALl Storaqe Areas
Storage ares must be properly marked

No ftem of movable equipment used to
handle PCBs that comes into contact
with PCEs shall be moved from the
storage area untess it hes been
deconteminsted under section 761.79

ALt stored articles wmust be checked
for leaks every 30 days

Contsiners must be dated when they
ore pleced in storage -

Atl PCB articles or containers must
be removed and disposed of within 1
year of storage

the following must be marked as
designated In 40 CFR section 761.45:

L] PCB contalners containing
greater than 50 ppm PCBs,
pcB transformers, PCB Large
High-Voltage Capacitors,
equipment containing a PCB
transformer or s PC8 Large
High-Voltage Capacitor, PCB
Large Low-Yol tage Capecitor,
pce Large Low-Voltage
Capacitor at  time of
removal, electric motors
using PCB coolants,
hydraulic systems using PCB
hydraulic fluid, heat
transfer systems using PCBS,
PCB  article  containers
containing any of the ebove,
storage sress used to store
peBs end PCB items for
disposal

and Appropriate Requirements,
Page 2

Prerequisites for Applicebility Citation

&0 CFR section 76%1.465 (T5CA)

4D CFR section 761.65 (TSCA)

40 CFR section 761.65 (TSCA)
40 CFR section 761,65 (TSCA)
40 CFR section 761.65 (TSCA)

40 CfR section 761.65 and 761.130
{TSCA)

V LAVAA
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Disposal of pesticides

Disposal of pesticide containers and
residue

Table 3-29. Selected Actlon-Specific Potentlal
Applicable or Relsvant and Appropriste Requiraments,

Requirements

ALl merks must be on exterior of pCB
container and must be clesrly
visible

Unacceptable disposal methods:

[] Those  inconsistent  with
Label

B Open dumping
L Open burning

B  Disposal into any body of
water

®  Those finconsistent with
spplicable Law

Chemically deactivate pesticide and
recover the heavy netals. if
chemical desctivation facilities are
not available, encapsulate the
pesticide end bury it

Incinerate or bury In & designated
lendfitl

Non-combustible containers muat be:
%  Tripte-rinsed

] Returned to the pesticide
menufacturer for reuse if in
good condition

L Returned to a facility for
recycling as scrap metat if
in poor condition

Triple puncture containers to
facilitate drainage, and dispose of
in » sanitary lendfill

Prerequisites for Applicability

Trestment recommended for organic
mercury, lead, cednium, arsenic, and
atl inorganic pesticldes

Combustible contaliners that formerly
hetd orgsniec or metalle-organic
pesticides, except argenic mercury,
lead, srsenic, and cadmium

Kon-combustible containers that
formerly held orgenic or metallo-
orgenic pesticides (with exceptions
noted above)

Combustible and non-combustible
containers that formerly held
organic, mercury, lead, cadmium, or
argenic, or inorganic pesticides

Citation

40 CFR section 761.40 (TSCA)

Federal Insecticide Fungicide and
Rodenticide Act (FIFRA) 40 CFR
section 165.7

&0 CFR section 165.8(¢c)

40 CFR section 165.9 (A) (FIFRA)

40 CFR section 165.9(b) (FIFRA}

40 CFR section 1565.9(c) (FIFRA)

V LAYVET
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Table 3-29. Selscted Actlon-Specific Potentlal
Applcable or Relevant and Appropriats Requiraments.
Page 4
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Action Requirements

Lebeling of pesticides Ltebel pesticides legibly, and
prominently, to show:

| Ingredients;

®  Varnings and precsutionary
statements;

8 Toxicity;

n Directions for use,
including storage  and
disposal methods

Individuals hendling certain
pesticides must be State- or
Federal ly-approved applicators

Hendling of peaticides

CHAPTER & - MAMAGENENT OF RADIOACT WASTES

pischarge of radicactive potlutants Alrborne emissions shall not cause
to air wembers of the public to recelve
doses greater than:

] 25 mremfyr to the whole
body: or

® 75 aremyyr to the critical
organ®

Airborne and liquid discharges to
unrestricted areas  shall meet
radionuclide-specific concentration
timits {n 10 CFR Part 20, Appendix
B, Table 11, These concentrations
are designed to Llimit radiation
exposure to members of the public to
0.5 rem/year to the whole body,
bleod-forming orgens, and gonads; 3
rems/year to the bone and thyroid;
ond 1.5 rems/year to other organs

pDischarge of redionuclides to
unrestricted aress (air and water)

Prerequisites for Applicebility

Lebel ing requirements may apply when
pesticides are considered products,
and not RCRA hazerdous wastes

Applicable to afrborne
enissions from DOE, NRC-
Llicensed, and non+-0DOE
Federal facilities during
their operationai period.
Hot  epplicable to: doses
coused by  redon-220, radon-
222, and their respective
decay  products; facilities
regulated under &40 CFR  Parts
190, 191 or 192; and low-
energy accelerators and
users -of sealed radiation
sources

Applicable to all categorfes of
Nuclear Reguletory Cowmission (NRC)
Licensees; algso  eppliceble to
Agreement State licensees

Appliceble to relesses of source,
byproduct, and special nuclear
material, as well =s to naturally
occurring and accelerator-produced
rediosctive material (NARK) released
from fecilities licensed to possess
source, hyproduct, sand special
nuclear material®

Citation

40 CFR section 162.10 (FIFRA)

&0 CFR section 173.4 (FIFRA)

Clesn Afr Act (CAA)
40 CFR Part 61, Subperts # snd 1"

Atomfc Energy Act' (AEA)
10 CFR section 20.106

V LIVAA
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Action

Radioactive wnste treatment &nd
disposel

closure and post-closure observation
and maintenance of 8 low-level
radioactive waste disposal site

Siting, desfigning, operation,
closure, and control of a low-level
redjosctive waste digposel site

.
e

oy
.

Table 3-29. Salected Action-Specific Potential
Applicable or Relevant and Appropiiste Requirements.

Requirements

A veriety of weste disposal
requirements are set, including
those specifying how licensees may
dispose of licensed materfial (see
Section 4.2.1.1 of Chapter & of Part
11}, 8= uell a8 concentration linits
for disposal of radiocactive waste
into senitary sewerage systems,
requirements  for treatment end
disposal by incineration, end
specific  requirements for the
disposal of radiocactively
contsminated anipal tissue and
Liquid scintitlation media

Closure designs must assure that
tong-term perfarmance objectives of
10 CFR sections 61.41-61.44 (see
below) are met, teking into account
site-gpecific geologic, hydrologic,
and other conditions

Following completion of closure, the
disposal site must be monitored and
maintained for 5 years (longer or
shorter periods mey be sllowed) and
then responsibility fs transferred
to a Federal or State government
agency, which will  implement
institutional care requirements in
10 CFR section 63.23(q)

A variety of performance objectives
are esteblished, including standards
that set Llimits on radistion
exposures by members of the public,
protect people from {nadvertently
intruding onto a radioactive waste
site, and stabilize the site after
closure. The public exposure limits
ore the same dose limits es in 40
CFR Fart 190

Prerequisites for Applicebility

Appliceble to atl categories of WRC
licensess; also applicable to
Agreement State licensees.
Applicable to releases of source,
byproduct, end special puclear
materiat

Certain requirements also epply to
other radiosctive materials, i.e.,
NARM  relensed from facilities
Licensed to  possess  source,
byproduct, end special  nuclear
material

Appticeble to NRC-ijcensed land
digposel facilities that receiva
{ou-tevel wastes from other (i.e.,
commercial disposal fecilities)

Not spplicable to dfsposal of:

n High-level waste and spent
fuel (addressed in 10 CFfR
I;;s;t 60 and &0 CFR Part

H

R Transurenic usate (addressed
in 40 CFR Part 191);

L] Uranfum and thorium mill
taitings (addressed in 10
CFR Part 40 and 40 CFR Part
192); and

u fadicective wusste by an
individual Licenses, as
provided for in 10 CFR Part
20

Same erequisites as  specified
sbove for 10 €FR Part 61

Citation

10 CFR  sections 20.301 through
20.311 (AEA)

10 CFR  sections 20.302(a) wend
20.302(b) (AEA)

10 CFR section 61.28 (AEA, LLWPA,
and LLRWPAR)

10 CFR sections &1.29 and 61,30
(AEA, LLWPA, snd LLRWPAA)

10 CFR sections 61.41 through 61.44
(Subpart C of Part 61} (AEA, LLWPA,
and LLRWPAA)

V 4LAVAA
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Tabla 3-29. Sslected Actlon-Specific Potential
Applicable or Relevant and Appropriate Requirements.

Requirements

A variety of technical requirements
are esteblished, f.e., minimm
characteristics a disposal site must
have to be scceptable

Prerequisites for Applicabitity

Same prerecuisites oz specified
ehove for 10 CFR Part 61, except
that existing technical requirements
are appticable only to the near-
surface disposal of radloactive
waste, A near surface disposal

Citation

10 CFR sections £1.50 through 61.5%
(Subpart D of Part 61) (AEA, LLWPA,
end LLRWPAA)

facility s defined as one that
digposes of waste in or within the
upper 30 meters of the earth’s crust

Bulk storage requires the preparation and implementation of sn SPCC Plan (see 40 CFR section 761.65(eXTICITT) for specifications of container sizes that are
considered *bulk" storage containers). Substantive requirements may be ARARs If bulk storage is performed on-site.

A millicem (mrem) = 0.001 rem, where w rem ls @ measure of dose equivalence for the biological effect of radiation of different types snd energies on people,
Lend agencies are cautioned that the radionuclide NESHAPS are being reexsmined subject to a voluntary remend and that they mey be revised in the future.

These dose Limits are considered high relative to recent EPA standards (see discussion In Section 4.2.1.1 of Chepter & of Part 11).

Section 104(a)(3)¢A) of CERCLA as smended by SARA prohibits response to relesses “of a naturally occurring substance in {ts unaltered form or altered solely through
naturatly occurring processes or phenomena, from a location where it is naturatly found.™ NARK possessed and used by a ructear raterfal iicenses, in almost all
ceses, would not qualify az & naturally cccurring substance as it is defined In this section.

These standards are potentlall} spplicable only for CERCLA actions at sites Licensed by the WRC, but mey be retevant snd appropriste to radicsctively conteminated
sites not licensed by the MRC.

Part &1 was promulgated priverily under the suthority of the Atomic Energy Act, but two other statutes from which authority was derived are the Low-Level Waste
Policy Act of 1980 (LIMPA) and the Low-Level Radicactive Waste Pelicy Amendments Act of 1985 {LLRWPAA).

YV LEIVTA
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3.2.3 Location-Specific Requirements

Location-specific ARARs identify requirements for site activities that are
triggered by site location. These can include sensitive habitats, floodplains, fault
locations, historical and prehistorical resources, and wetlands. These ARARs for the
100-KR-4 operable unit are listed in Table 3-30.

3.2.4 Health Effects Assessment

Some compounds detected at the 100-KR-4 operable unit may not have MCLs,
state water quality criteria, or radiation criteria. For individual carcinogens that do
not have federal or state standards, but have a carcinogenic potency factor, ground
water and soil concentrations can be calculated that would result in a 10+ to 107
excess lifetime cancer risk by inhalation or ingestion. Excess lifetime cancer risk is
defined as the incremental increase in the probability of developing cancer compared
to the background possibility. For noncarcinogenic compounds, reference doses
(RFD) or acceptable chronic intakes can be used to estimate concentrations that would
result in no observable adverse health effects by ingestion or inhalation.

3.2.4.1 Federal Health Advisories. Federal health advisories issued by the EPA
Office of Drinking Water, cite the current assessment of contaminant concentrations in

drinking water at which adverse health effects would not be anticipated to occur. A
margin of safety (typically between 100 and 1,000, depending upon the compound and
the extent of its toxicological database) is included to protect sensitive members of the
human population. The health advisories are developed for noncarcinogenic end
points of toxicity, They can be specified for I-day, 10-day, long-term (90 days to

1 yr), and lifetime exposure periods.

3.2.4.2 Maximum Contaminant Level Goals. As part of the process for developing
final drinking water standards, EPA develops Maximum Contaminant Level Goals
(MCLGs) formerly known as Recommended Maximum Contaminant Level (RMCL).
MCLGs are nonenforceable health goals for drinking water that are set at a level
representing "no known anticipated adverse effects on the health of persons, while
allowing for an adequate margin of safety." For carcinogenic compounds, MCLGs
are set at zero. '
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Tabla 3-30. Selected Location-Specific Potential
Applicabls or Relevant and Appropsiate Requirements.

Requirements

Prerequisites for Applicability

Citation

CHAPTER 1 _- CLEAN AIR ACT

NAAQs attainment ereas

NAAQS non-attainment areax

Other Resource Protection Statutes

Historic district, site, building,
structure, or cbject

Criticel habitat of/or an endangered
or threatened species

Hew major stationary sources shell
spply  best  evailable control
technology for  each  pollutent,
subject to regulstion under the Act,
that the source would have potential
to emit in significant amounts

Owner or operator of proposed source
of modification shall demonstrate
that allowable emissions increases
or reductions {including secondery
emissions) will not cause or
contribute to a violation of the
NAAGS  or  opplicable  eaxinum
allowsble increase over baseline
concentrations

Source wmust obtain emission offsets
in air lity control region of
greater than one-to-one

Source subject to "lowest achievable
emfagion rate {LAER)" as defiped in
&0 CFR section 51.18(])¢{xiti)

All major stationary sources owmed
or operated by the person In the
State are in compliance, or on a
schedule for compliance, with all
spplicable emission standards

Avold impacts on cultursl resources.
Vhere impects are unavoidable,
mitigate through design and data
recovery

Identify activities that may affect
Listed specles

Actions must not threaten the
continued existence of & listed
species

Actions must not destroy critical
habitat

Mojor stationary  sources s
identified in &0 CFR  section
52.21(b)(1)(i)(a) that emits, or has
the potential to emit, 100 tons per
year or more of eany regulated
pollutant; sny other statiopary
source that emits, or has the
potential to emit, 250 tons per yesr
or  more of any  regulated
pollutant.40 CFR section 52.21(})
(CAA)

Any stationary facility or source of
air poliutants that directly emits,
or has the potential to emit, 100
tons per year or more of any air
poliutant (including wsny msjor
enitting facility or source of
fugitive emissions of any such
poliutants) [CAA section 302(j)1

Properties listed in the National
Register of Historic Places, or
eligible for such listing

Species or hebitat Llisted as
endangered of threatened

CAA Part D. section 173(1)
CAA Part D, section 173(2)

CAA Part D, section 173(3)

Mational Historic Preservatfon Act
CKHPA) 16 CFR Part 470, et, seq.

Erdlangered Species Act (ESA)
S0 CFR section 402.04
50 CFR section 402,01
50 CFR section 402.01

VYV LIAVIAA
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Table 3-30. Selacted Location-Specific Potential
Applicable or Relsvant and Approptiats Requirements,

Requirements

Prerequisites for Applicabitity

Citation

Wild end scenic rivers

Coastal zone or en srea that will
sffect the coastal zone

Wildernass area

Determine if profect will affect the
free-flowing characteristics,
scenic, or natural values of a
designated river;

Not asuthorize sny uater resources
project or any other project that
would directly or indirectly impact
sny designated river  without
notifying DOE or Forest Service

Federat sctivitiea mst  be
consistent with, to the maximm
extent precticable, State coastal
zohe management progroms

Federal agencies must supply the
State with a  consistency
determination

The following are not allowsd in a
Wilderneas area:

L] commercial enterprises

] permatent, roads, except ss
necessary to edminister the
area

motor vehicles

motorized equipment
motorboats

aircraft

mechanized transport
structures or buildings

Any river, and the bordering or
adjacent land, designated as "wild
ard scenic or recreational®

Wetland, flood plain, estuary,
beach, dune, barrier island, coral
reef, and fish and wildlife habitat,
within the coastal zone

Any unit of the Natfonal Wildlife
Refuge Systen

Wild end Scenic Rivers Act (WSRA)
36 CFR section 297.4

Coastal Zone Mshagement Act (CZMA)

15 £fR section 930.30

15 CFR section 930,34 {CZMA)

Wilderness Act (WA)
50 CFR section 35.5

V LAVEd
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3.2.4.3 ICRP/NCRP Guidance. The International Council of Radiation Protection
and the National Council on Radiation Protection have a guideline standard of 100
mrem/yr whole body dose of gamma radiation.

3.2.5 Waivers

Federal law recognizes there may be instances in which ARARs cannot be met
with respect to remedial actions onsite. Therefore, it identifies six circumstances
under which ARARs may be waived. However, other statutory requirements,
specifically, the requirement that remedies be protective of human health and the
environment, cannot be waived. Waivers occur as the exception, not the rule.
Waivers are appropriate if:

m  The remedial action selected is an interim remedy and only part of a
total remedial action that will attain ARARs when completed.

®m  Compliance with ARARs at the site would result in greater risk to
human health and the environment than alternative options.

®  Compliance with ARARs is impracticable from a technical perspective.

®m  The remedial actions selected will attain an equivalent standard of
performance, although ARARs are not met.

m  With respect to state ARARSs, the State has inconsistently applied ARARSs
in similar circumstances at other remedial actions within the State.

®  In the case of fund-financed remedial actions, financial restrictions within
the superfund program require fund-balancing such that satisfaction of
ARARSs at the site must give way to a greater need for protection of
public health and welfare and the environment at other sites.

3.2.6 Proposed Regulations

Ecology is currently developing cleanup regulations under the Model Toxic
Control Act (WAC 173-340). These regulations, which include standards for air
contaminants and for the remediation of contaminated soils, could pertain to the 100-
KR-1 operable unit and are expected to be fairly stringent. The standards probably
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will not cover radioactive substances. Draft regulations are expected to be published
in February or March 1990.

EPA has issued an Advanced Notice of Proposed Rulemaking for radiation
regulations in 40 CFR 193 and 40 CFR 194.1 These potential regulations are for low-
level radioactive waste and residual radioactivity from demolition and
decommissioning activities, respectively. At this time, EPA has not issued any
proposed regulations,

Ecology is currently reviewing draft ground water protection standards that will
be released for public comment in 1990.

3.3 PRELIMINARY RISK ASSESSMENT

This section presents a preliminary evaluation of the current and future potential
human health and environmental impacts associated with the 100-KR-4 operable unit.
This initial evaluation, as part of the work planning process, serves several functions.
First, it helps to focus the RI activities on those areas where current risks can be
documented, or where future risks are possible. Second, this process can identify
areas of uncertainty related to sources, pathways, and receptors that will need to be
resolved during the RI in order to perform a quantitative and definitive risk
assessment. Last, the initial assessment of potential impacts documents and provides,

in part, the technical rationale for performing the RI/FS.

This section contains a discussion of the preliminary source-pathway-receptor
model of the site. There is an evaluation of the environmental and toxicological
characteristics of site contaminants and the preliminary identification of the
contaminants of concern. It concludes by discussing the current and potential future
endangerments that have been initially identified.

3.3.1 Conceptual Exposure Pathway Model

Based on information presented thus far, a conceptual exposure patthay model
has been developed which incorporates the potentially significant contaminant

‘exposure pathways for the 100-KR-4 operable unit. The model was shown

schematically in Figure 3-15.

WP 3-111



DOE/RL-90-21
DRAFT A

The purpose of the conceptual pathway model is to present the possible unit-
specific contaminant exposure pathways. During the RI, the conceptual model will be
tested and refined in an iterative manner until the operable unit is sufficiently
understood to support decisions regarding corrective measures. Risk assessment and
sensitivity analysis are two methods of testing and refining the model. When the RI is
conducted in this manner, the focus is kept on unit-specific objectives.

Each exposure pathway in the conceptual model must contain the following
components:

® A contaminant source

B A contaminant release mechanism

®  An environmental transport medium
B An exposure route

® A receptor.

Each of these components of the model is discussed in the following sections.

3.3.1.1 Sources. Primary contaminant sources in the 100-KR-4 operable unit include
a variety of retention basins, septic tanks, cribs, pipelines, tanks, trenches, burial
grounds, French drains, and outfall structures. After an initial release to the
environment occurs, contaminants can be bound in soils and sediments before being
slowly re-released. These media may serve as secondary contaminant sources.

Detailed information on individual waste facilities and their associated

contaminants affecting the 100-KR-4 operable unit is presented in Sections 2.1 and
3.1.

3.3.1.2 Release Mechanisms. Release mechanisms can be divided into primary and

secondary categories. Reactor purge water and process effluent at the 100-KR-4

operable unit are known to have infiltrated the soils surrounding the reactor basins and

the process effluent transfer, treatment, and disposal facilities. Some of this effluent

was also directly discharged to the Columbia River. Pipeline and retention basin leaks

resulted in discharges to surface soils and the vadose zone. Wastes from the sanitary

sewage system infiltrated into adjacent soils. As shown in Figure 3-15, the most

significant primary release mechanism at the 100-K Areas is infiltration. The most .
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substantial contributions are from reactor purge water and process effluent. The most
significant release mechanism from secondary sources is infiltration of contaminants
from the vadose zone to the ground water.

3.3.1.3 Environmental Transport Media. Rainwater and snowmelt infiltrating from
the ground surface transport contaminants in the unsaturated zone to the ground water.
Although the average annual water infiltration in the 100-KR-4 operable unit is low,
unusually heavy rainfall may cause containment movement in the unsaturated zone.
After containments reach the ground water, they can be discharged to the Columbia
River and transported downstream.

3.3.1.4 Exposure Routes. The following potential human health and environmental
exposure routes result from the discharge of contaminated ground water to the
Columbia River. The potential current human exposure routes at the 100-KR-1
operable unit are:

®  Ingestion of Columbia River water
®  Dermal contact with Columbia River water
m  Ingestion of contaminated biota

®  Ingestion of crops irrigated with contaminated Columbia River water

®  Direct exposure of recreationalists to contaminated Columbia River water
and sediments and seeps along the riverbank.

Similarly, the potential current environmental exposure pathways at 100-KR-4
are:

m  Ingestion, by terrestrial organism, or contaminated Columbia River water
or sediments, or contaminated biota

B Bioaccumulation of contaminants by aquatic organisms.

Potential future use of the site includes the possibility of unrestricted access to
the site, the ground water, and the Columbia River. In addition to the exposure
pathways identified above, the following are the potential exposure pathways under an
unrestricted future use scenario that are relevant to this ground water/surface water
operable unit:

B Ingestion of contaminated ground water
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®  Ingestion of crops irrigated with contaminated ground water
®  Ingestion of meat or milk produced using contaminated ground water
®  Dermal contact with contaminated ground water.

Additional exposure pathways for an unrestricted future use are discussed in the
100-KR-1 work plan.

3.3.1.5 Receptors. A river pumphouse in the 100-D Area serves as a backup to
supply drinking water to the 100-B/C, 100-D/DR, 100-K, 100-N, and 200 Areas.
The total population that could potentially receive water from this portion of the river
is approximately 3,000 persons. An additional 3,000 in the 300 Area (28 miles

[45 km] downstream) receive drinking water from the river. The cities of Richland,
Kennewick and Pasco also use the river for domestic water. The populations served
by these systems are estimated at 68,000 persons for Richland and Kennewick and
18,000 for Pasco. The closest withdrawal point is for Richland, which is 30 miles

(48 km) downstream from the 100-K Area. All of these intakes are downstream of
the 100-KR-4 operable unit.

Several irrigation intakes exist downstream from the operable unit, the nearest
of which are located at Ringold and Taylor flats. These intakes primarily serve fruit
orchards and irrigate forage crops such as alfalfa. River water withdrawn at Ringold
Flats is used at a fish hatchery where steelhead trout and chinook salmon are raised.

Exposure to contaminated ground water within the boundaries of the 100-KR-4
operable unit will be more likely in the future if institutional control of the site is lost
or abandoned. Should this happen, it is possible that future homes could be built atop
a former waste disposal site. By digging into the surface soil to construct a house or
drilling for a domestic water well exposure pathways could develop. The pathways
could include:

B Iphalation of contaminated dust
®  Direct gamma exposure

B Ingestion of contaminated well water

B Ingestion of contaminated food produced at the site

WP 3-114




2w

DOE/R1-90-21
DRAFT A

®  Ingestion of contaminated soil by children.

During construction of a house at the site, contaminated soil could be brought
to the surface. The individual could be exposed by inhaling contaminated dust during
construction and after the house is completed. If radionuclides are present in the near-
surface soil, the contaminated soil excavated during construction can also be the
source of direct gamma exposures. It is possible that the individual would plant edible
crops or raise edible animals which would forage in the contaminated surface soil.
Plant uptake of contaminants from the soil can cause human exposures through the
ingestion of contaminated vegetables, meat, and milk produced at the site.

3.3.1.6 Exposure Summary. The most significant primary source of contaminant
releases in the 100-K Area are process effluent and contaminated water from 100-KE
and 100-KW reactors. The most significant current contaminant release mechanism is
water infiltration through contaminants in the unsaturated zone. Contaminants can
eventually reach the ground water and be discharged to the Columbia River, where
sediments and aquatic organisms may be exposed. Future human exposures may
result if the area returns to private use after institutional control is lost.

3.3.2 Contaminant Characteristics

To evaluate the potential threat to public health and the environment from the
100-KR-4 operable unit, it is important to focus on the contaminants of greatest
concern. Generally the contaminants of greatest concern are those that are present in
the largest quantities, highly mobile, toxic, or persistent in the environment. Ground
water data provide information on contaminants that have reached the ground water.

3.3.2.1 Toxicity. The known or potential contaminants listed in the table of
maximum contaminant concentrations include organic and inorganic acids and salts
that readily dissociate in water. This toxicity assessment considers the constituents
that could be present in the environment after disposal. The known or potential
chemical contaminants present in the environment are sulfate, and chlorine ions, Cr*s,
copper, mercury, and PCBs. There is a possibility of increased toxicity due to mixing
of contaminants, co-solvent and the effect of hot water (temperature).

Chromium and mercury can both pose a threat to human health and the
environment. The primary drinking water standards for these contaminants are
50 ug/L for (total) Cr*® and 2 pg/L for mercury. Chromium is classified by the EPA
as a Group 1 carcinogen for inhalation exposure. However, Cr*® has not been shown
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to be carcinogenic through ingestion. Chromium is toxic to aquatic organisms.
Ambient water quality criteria for protection of freshwater organisms are 16 pug/L for
acute exposure and 11 ug/L for chronic exposure. Mercury is toxic to both fish and
humans due to biotransformation by microorganisms into highly toxic methyl mercury.

A primary drinking water standard for copper has not been established. The
secondary standard for copper is 1,000 ug/L. Copper is toxic to aquatic organisms.
The ambient water quality criteria for copper vary with the hardness of the water, but
typical values are 12 ug/L for acute exposure and 8 ug/L for chronic exposure.

PCBs, which may be present in the 100-K Area, are long-lived in the
environment, relatively immobile in soil, and are probably human carcinogens. No
direct evidence of PCB contamination at the site was identified during the development

of this work plan, but PCB transformers are assumed to have been used extensively in
the 100-K Area.

Potential exposure to any of the radionuclides in the table of maximum
contaminant concentrations may be important from the standpoint of radiotoxicity.
The dose response functions used by EPA to estimate radiation risks assume that any
radionuclide exposure causes an incremental excess cancer risk. Consequently, in
light of the additive effects of the various radionuclides, all of the isotopes in the
previously mentioned table will be included in the baseline risk assessment.

3.3.2.2 Persistence. The environmentally persistent contaminants include CrS,
copper, mercury, PCBs, and radionuclides. Chromium and copper persist in the
environment because they are not subject to chemical decomposition or
biodegradation. Mercury may be biotransformed from its elemental state to the more
toxic and more mobile methyl mercury.

The environmental persistence of radionuclide depends in part on its half-life.
The half-lives (years) of the radionuclides at the 100-K Area are shown in Table 3-31.

3.3.2.3 Mobility. The mobility of contaminants is dependent on the chemical form of
the element, which is dependent on environmental conditions. Many metals have low
mobility because they bind ionically to soils or form insoluble precipitates. However,
Cr*S and methy! mercury tend to be quite mobile. The negative ions, such as sulfate
and chloride, are also mobile.

Metallic radionuclides such as uranium, plutonium, and cobalt tend to have low
mobility. Because of their chemistry they bond tightly to soils and do not easily move .
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through the soil column. However, if complexing agents are present, these and
nonradioactive metals can form complexes that may not be retarded on soils as are the
uncomplexed ionic forms. On the other hand, tritium and carbon, partly because of
their involvement in the normal chemistry of life, can be highly mobile in the soil and
ground water,

3.3.2.4 Bioaccumulation. Some contaminants can accumulate in plants and animals
if absorbed or consumed by the organisms. Unitless bioconcentration factors for some
of the contaminants found in the 100-K Area are shown in Table 3-32.

Table 3-31. Half-lives of Selected Radionuclides of Interest
to the 100-KR-4 Operable Unit.

Nuclide Half Life

*H 12

“c 5,700

0Co 5

BNi 92

Sr 28

34Cs 2

B37Cs 33

12Eu 13

By 8

lSSEu 5

B35y 710,000,000
38y 4,400,000,000
3Py 90

25py 24,000

%0py 6,600
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Table 3-32. Unitless Bioconcentration Factors for Selected Contaminants
of Interest to the 100-KR-4 Operable Unit.

ntamin Bioconcentration Factor
Carbon 4,600 to 9,100 (invertebrates, fish)
Cesium 0.3 to 16 (birds, mammals)
Cobalt 0.2 to 2 (birds, mammals)
Copper 200 (fish)
Chromium . 16 (fish)
Hydrogen 0.6 to 1 (mammals)
Mercury 5,500 (fish) '
Nickel 47 to 100 (invertebrates)
S Sodium 100 to 200 (invertebrates, fish)
' Strontium 0.2 to 8 (mammals)

3.3.3 Contaminants of Concern

Table 3-33 lists the preliminary contaminants of concern identified for the
100-KR-4 operable unit. This list is based on the types and quantities of wastes
disposed at the unit and the contaminant characteristics.

Table 3-33. Preliminary Contaminants of Concern

e 'For the 100-KR-4 Operable Unit.

Gross alpha Chromium Copper

Gross beta Mercury PCBs
3H 134Cs 235U
14C 137Cs 228U
GOCO 152Eu i 238Pu
Ni 14FEu B9%py
08r I5Eu 240py
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3.3.4 Risk Quantification

A discussion of risk quantification is based on known and suspected conditions
at the 100-KR-4 operable unit, as presented in this document.

3.3.4.1 Public Health. As discussed in Section 3.3.1.4 humans may be exposed
under both current and future use conditions. The extent and magnitude of chemical
contamination at the 100-KR-4 operable unit is not currently known; therefore, a
quantitative chemical risk assessment is not possible at this time. Further
quantification of hazardous substances such as PCBs, mercury, chromium, and copper
must be completed during the remedial investigation to allow the determination of
human risks.

3.4 PRELIMINARY REMEDIAL ACTION OBJECTIVES AND
REMEDIAL ACTION ALTERNATIVES

This section develops preliminary remedial action objectives, general response
actions, and a list of preliminary remedial action alternatives, This evaluation is based
on available site data, the preliminary risk assessment, and the conceptual site model

for the 100-K Area. The remedial action objectives may change or be refined as
additional data are gathered and evaluated during the RI investigation, and they will be

more fully developed and evaluated in the FS when additional and more specific
information becomes available from the RI. This preliminary discussion of objectives
and alternatives is intended to focus the RI so that the data needed for the FS are
obtained.

3.4.1 Remedial Action Objectives
The primary objective of the RI/FS at the 100-KR-4 operable unit is to pfotect
human health and the environment from harmful effects of the contaminants of

concern at the site.

In order to focus the RI/FS toward specific goals, the following preliminary
remedial action objectives have been identified for the 100-KR-4 operable unit:

®  Prevent the current and potential discharge of ground water contaminants
to the Columbia River at levels that result in unacceptable downstream
environmental and public health risks or that do not achieve ARARs
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B Remediate the Columbia River sediments to concentrations that will not
present unacceptable public health or environmental risks, or will not
achieve ARARs

B Remediate the ground water concentrations that achieve ARARSs or to
concentrations that will not present unacceptable public health risks
(under either restricted or unrestricted future use of the site, depending
on which is selected)

®  Prevent or remediate the potential discharge of ground water in the form
of springs at concentrations that would result in unacceptable
environmental and public health risks or that do not achieve ARARs.

The preliminary list of contaminants of concern listed in Section 3.3.3.5, the
b preliminary contaminant specific ARARs listed in Section 3.2.1, and the baseline risk

assessment in Section 5.3.8 will serve as the basis for establishing target levels of
remediation for each media.

55555

3.4.2 General Response Action
General response actions represent broad classes of remedial measures that may

be appropriate to achieve the remedial action objectives at the 100-KR-4 operable unit,
Although general response actions and their associated technologies and process
options can only be evaluated in general terms at this stage, their identification is
useful in the development of the RI field sampling program. The following are the
preliminary general response actions for the 100-KR-4 operable unit:

®  No action

B Institutional controls

®  Removal

B Treatment

B Disposal

®  Monitoring.
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A no alternative action will be included for evaluation in the FS as required by
the National Contingency Plan [40 CFR 300.68(f)(1)(v)]. The no alternative action
also provides a baseline for comparison with other response actions. Finally, a no
alternative action may be appropriate for some sources or areas of contamination if the
risk assessment determines that unacceptable public health risks are not presented by
those sources or areas and that contaminant specific ARARs are not exceeded.

Institutional controls involve the use of physical barriers or access restrictions
to reduce or eliminate public exposure to contamination, Considering the nature of
the 100-KR-4 operable unit and the Hanford Site as a whole, institutional controls will
likely be an integral part of remediation. Many access and use restrictions are already
in place at the Hanford Site,

Removal of ground water will be considered as a means of changing or
accelerating ground water flow directions and gradients. The ground water removed
from the aquifer would then be contained or treated.

Onsite treatment of contaminated ground water through traditional unit
processes would probably be applicable to all contaminants of concern except tritium
to achieve contaminant-specific ARARs and levels dictated by the risk assessment.

Disposal will be required for any response action that involves onsite ground
water or sediment treatment. Disposal will be necessary for the waste sludges
generated by treatment processes. In addition, the discharge of treated or untreated
ground water will be required. -

Similar to institutional controls, ground water and surface water monitoring is
not a stand-alone response action, but will likely be a component of some or all of the
remedial alternatives. Monitoring will be necessary for postremediation evaluation of
remedial action performance.

3.4.3 Remedial Technologies and Process Options

The next step in developing remedial action alternatives is the identification of
remedial technologies and process options associated with each general response
action. Figure 3-17 summarizes the technologies and process options available that
may be applicable to the 100-KR-4 operable unit based on available data and present
knowledge of the site. These technologies and process options will be developed and
evaluated in detail as part of the FS.
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3.4.4 Remedial Action Alternatives

Based on available site data and the preliminary identification of general
response actions and remedial technologies, the following preliminary remedial action
alternatives have been defined:

A no action alternative (assumes long-term monitoring with contingency
plans if releases or exposures increase)

An alternative that would rely heavily on institutional controls and access
controls, with limited use of containment to reduce the potential for
human exposure to the contaminants

An alternative using removal, treatment and disposal for contaminated
sediments in the Columbia River

An alternative using pumping and treatment or pumping and reinjection
to achieve ARARs and risk-based levels within a long time frame

An alternative using pumping and treatment to achieve ARARs and risk-
based levels within a short time frame,
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4.0 WORK PLAN APPROACH AND RATIONALE

Section 4.0 provides the rationale and framework for conducting the Phase I RI
for the 100-KR-4 operable unit. This section identifies and evaluates data needs
required to complete the RI Phase I. .Data uses and data users, data needs, and the
DQOs for the sources, vadose, surface water and sediments, ground water, and
aquatic biota are defined. Sections 4.1 and 4.2 summarize the essential steps in the
decision-making process leading to development of the data collection program.
Section 4.3 integrates these steps and discusses them in more detail. The methodology
for obtammg and evaluating data is outlined to focus to the RI Phase I and provide a
preview of needed tasks.

The DQOs are specific qualitative and quantitative statements designed to
ensure that data of known and appropriate quality are obtained during the remedial
response process. The DQOs are developed for each data collection activity in the
remedial response process (remedial investigation, feasibility study, remedial design,
remedial action). A three-stage process is used to develop DQOs:

®m  Stage 1 - Identify decision types
m  Stage 2 - Identify data uses and needs
m  Stage 3 - Design a data collection program.

For the efficient use of resources, and RI is best approached as an iterative
process. After each phase of the RI, existing data will be evaluated to assess any gaps
that must be addressed in the next phase of the collection effort; the DQOs will be
revised accordingly. As the overall understanding of site conditions improve and the

range of potential remedial alternatives is narrowed, data gaps will decrease.

Section 4.1 summarizes Stage 1 of the process used for 100-KR-4 and states the
resulting DQO.
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4.1 DECISION TYPES

Stage 1 of the DQO process is undertaken to identify the decision makers, the
data users, and to define the types of decisions that will be made as part of the RI/FS.
The major elements of Stage 1 include:

Identifying and involving data users
Evaluating available information
Developing a conceptual model

Specifying RI/FS objectives and decisions.

4,1.1 Data Users

Data users can be subdivided into primary and secondary categories. Primary
data users are those individuals or organizations directly involved in ongoing RI/FS
activities. Primary data users for the 100-KR-4 operable unit include:

Managers from DOE, Westinghouse Hanford, EPA, and Ecology
The DOE, EPA, and Ecology unit managers

Unit manager contractor representatives

Technical contributors

Decision makers,

Secondary data users are those individuals or organizations who rely mainly on
outputs from the RI/FS studies to support their activities. Secondary data users
include the following:

The DOE headquarters secretary
The EPA regional administrator

The Ecology director
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B The director of the State Department of Health
W Other federal and state agencies

®m  The general public

B Special interest groups.

- Most data needs are defined by primary data users. Secondary data users may
also provide inputs to the decision makers and primary data users by communicating
generic or site-specific data needs or regulatory requirements, or by comment or
question during the review process.

Information obtained during the RI Phase I for the 100-KR-4 operable unit will
be managed in accordance with the Data Management Plan found in Attachment 4.
Public participation in the RI/FS will be solicited in accordance with the Community
Relations Plan found in Attachment 5. Implementation of these two plans will ensure
that the data needs of both the primary and secondary data users identified for the site
will be met.

4,1.2 Available Information

Available information is reviewed and evaluated as the initial step in the RI/FS
process, This review provides the foundation for additional onsite activities and
serves as the database for potential scoping studies. Available information for this
operable unit was reviewed and evaluated by the project team to determine the
adequacy of existing information so that data needs could be identified. Information
on the physical setting of the operable unit is summarized in Section 2.0, and the
existing data that were evaluated to guide the development of the RI Phase I is
presented and summarized in Section 3.0.

4.1.3 Conceptual Models

Conceptual models describe a site and its environments and present hypotheses
regarding the contaminants present, their routes of migration, and their potential
impacts on sensitive receptors. The hypotheses are tested, refined and modified
throughout the RI/FS process. Based upon the data reviewed by the project team, a

WP 4-3



DOE/RL-90-21
DRAFT A

conceptual site model was developed for the 100-KR-4 operable unit and is presented
in Chapter 3.0.

4.1.4 RI/FS Objectives and Decisions

In a broad sense, the objective of a remedial action program is to determine the
nature and extent of release or threat of release of hazardous substances and to select a
cost-effective remedial action to minimize or eliminate that threat. Achieving this
broad objective requires that several interrelated activities be performed. Each activity
must have objectives, acceptable levels of uncertainty, and attendant data quality
requirements, The first step toward the development of a cost-effective data collection
program is clear, precise decision statements (EPA 1987). The decision framework
for developing the data collection program for the RI Phase I can be summarized in
the following questions.

B Where are the contaminants located?
B What contaminants are present?
B What are the concentrations of these contaminants in the environment?

®  What is the potential for the contaminants to move within the
environment?

®  What are the risks to people and the environment if these contaminants
are not separated from the environment?

m  If the risks from the contaminants are unacceptable, then how can the
risks be reduced to acceptable levels?

®  If the risks can be reduced, what is the most cost-effective way to reduce
the risks?

The activities that provide answers to the first four questions are classified as
site characterization activities. A baseline risk assessment is performed to determine
the risks to people and the environment, The FS determine how risks can be reduced
to acceptable levels, and the most cost-effective way to accomplish the task.
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Existing data for the 100-KR-4 operable unit (as defined in section 3.0) are
insufficient to answer what contaminants are present, their exact location, and their
potential to migrate in the environs. Therefore, RI Phase I activities are proposed in
each of the media at the operable unit to answer these questions with data of
appropriate quantity and quality.

Following the completion of RI Phase I data development activities, a baseline
risk assessment will be performed to estimate the short-term risks to people and the
environment from the contaminants that are found. The risk assessment will become
one mechanism for identifying potential interim response actions that may be needed
at the 100-K Area. The risk assessment will be revised and updated following Phase
1I data activities to estimate the long-term risks to people and the environment and
identify any additional short-term risks requiring interim action.

Questions regarding acceptable levels of contaminants and cost-effective
methods of reducing risks are answered by the FS. These studies will be performed
concurrently with the RI, with alternative identification and preliminary screening

beginning early in the process. Alternative selection will take place once the
contaminants have been identified and their locations and concentrations established.

4.2 DATA USES AND NEEDS
Stage 2 of the DQO process defines data uses and specifies the types of data

needed to meet the project objectives. Although data needs are identified generally
during Stage 1, it is in Stage 2 where specific data uses are defined (EPA 1987). The
major elements of DQO Stage 2 include:

B Identifying data uses

®  Identifying data types

W  Identifying data quality/quantity needs

®m  Evaluating sampling/analysis options

m  Reviewing data quality parameters (per Section 4.2.6).
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4.2.1 Data Uses

During the RI/FS, most data uses fall into one or more of four general
categories: (1) site characterization, (2) public health evaluation and risk assessment,
(3) evaluation of remedial action alternatives, and (4) worker health and safety.

Site characterization refers to the determination and evaluation of the physical
and chemical properties of the waste and contaminated media present at the site, and
an evaluation of the nature and extent of contamination. The site characterization
process involves the collection of necessary geologic, hydrologic, and meteorologic
data as well as data on specific contaminants and sources.

Data collected to conduct a public health evaluation and risk assessment at the
100-KR-4 operable unit include the following: input parameters for various
performance assessment models, site characteristics, and contaminant data required to

evaluate the threat to public health and welfare through exposure to the various media.

These needs usually overlap with site characterization needs, but higher-level quality
control is often needed for risk assessment purposes and ARAR identification.

Data collected to support evaluation of the 100-KR-4 operable unit remedial
alternatives include site characteristics and engineering data required for initial
screening of alternatives, feasibility-level design, and preliminary cost estimates.

Once an alternative is selected for implementation, much of the data collected during
the RI/FS can be used for the final engineering design. Generally, collection of
information during the RI for use in the final design is not cost effective. It is usually
more cost effective to gather such specific information during a predesign
investigation,

The worker health and safety category includes data collected to establish the
level of protection for workers during various RI activities. This data is used to
determine if there is concern for the personnel working in the vicinity of the operable
unit.

4.2.2 Data Types

The data use categories described in section 4.2.1 define the general purpose

and intent for collecting additional data. Based upon the intended uses, a concise

statement regarding the data types needed can be developed. The data types specified
at this stage should not be limited to chemical parameters, but should also include
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necessary physical parameters such as bulk density, viscosity, etc. Since
environmental media and source materials are interrelated, data types used to evaluate
one media may also be useful to characterize another media. By identifying data types
by media, overlapping data needs are identified. The data objectives, needs, and types
to be collected for the RI Phase I are identified in Table 4-1. These are discussed in
greater detail in section 4.3 to provide focus to the RI/FS tasks discussed in section
5.0 and the Field Sampling Plan (Attachment 1 - Part 1).

4.2.3 Data Quality Needs

The various tasks and phases of a remedial investigation may require different
levels of data quality. Important factors in defining data quality include selecting
appropriate analytical levels and validation and identifying contaminant levels of
-~ concern as described below. The Westinghouse Hanford document A Proposed Data

Quality Strategy for Hanford Site Characterization will be used to help define these
levels (McCain and Johnson 1990).

¢+ 4.2.3.1 Analytical Levels and Validation. In general, increasing accuracy and
precision are obtained with increasing cost and time., Therefore, the analytical level
used to obtain data should be commensurate with the intended use. Table 4-2 defines
five analytical levels based on overall data quality. Individual DQOs and the
appropriate analytical levels associated with each data need are given in Table 4-3.

Before laboratory and field data can be used in the RI/FS process, it must first
¢ be validated, which involves determining the usability and quality of the data. Once
the data are validated, they can be used to successfully complete the RI/FS process.
The activities involved in the data validation process include the following:

®  Confirm the Iaborafory data meet the QA/QC criteria

®  Confirm the usability and quality of field data, which includes geolog1ca1
logs, hydrologic data, and geophysical surveys

B Make sure data are documented and managed properly so it is usable
To address the first objective, all laboratory data must meet the requirements of
the specific QA/QC parameters as set up in the QAPP (Part 2 of Attachment 1) before

it can be considered usable. The QA/QC parameters include laboratory precision and
. accuracy, method blanks, field blanks, instrument calibration, and holding times.

WP 4-7




8-V dM

Table 4-1.

Data objectives

Sources

Refine understanding of facility
characteristics

Determine waste characteristics

and spatial distribution of
contaminanta

Geologic

Identify pathways for contaminant
migration

Determine potential migration rates,
direction and dispersion of
contaminants

Surface Water/Sedimen

Determine presence or absence of
contaminants

Vadose

Determine presence or absence and
‘gpatial distribution of contaminants

Refine concepts of unsaturated flow
and recharge

Ground Water

Refine hydrostratigraphic conceptual
model

-_\!

Page 1 of 2

Data needs

Locations of contaminant sources

Chemical and radiological
characterization of the sources

Stratigraphy, structure

Properties of the vadose zone

Characterization of the water
quality and sediments

Contaminant characterization of the
soll column

Soil physical properties

Geologic model

Properties of lithologic units
Occurrence of ground water
Ground water discharge areas
Ground water recharge sources

pata Collection Objectives for the 100-KR~4 Operable Unit,

bata_ types

S5ite walkover
Source data compilation

Chemical and radiological
properties
Soil gas survey

Lithology

Soill/sediment type

Physical properties
Geochemical properties

Field parameters (water quality)

Chemical properties

Chemical properties

Physical properties

sSite lithology
Hydraulic properties
Ground water elevation

Hydraulic gradient between

aquifers interaction with Columbia

River

V LAYVAd
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Table 4~-1.

Data objectives

Define nature and extent of
contaminants

Afx

betermine presence or absence of
contaminants around field activities

Bgquatic Biota

Determine the type of ecosystem
present

Determine presence or absence of
contaminants

Cultural Resources

Petermine presence or absence of
archaeological or historical sites
eligible for National Register of
Historic Places Identify
archeological or historic sites

Topagraphy

W

Page 2 of 2

Data needs

- Interaction between vadose and
saturated soils

- Occurrence of contaminants

Concentration of contaminants

t

- Variations of ground water guality

relative to source areas, spatial
and temporal

Air quality

Identification of critical habitats

Identification of ecological
procesges

Contaminant characterization of the
biota

- Literature review
~ Field survey

- Topographic base map development

bata Collection Objectives for the 100-KR~4 Operable Unit.

Data types

Porosity
Chemical analysis of ground water

Physical properties

Chemical properties

Literature review

Literature review
Chemical properties

Ground elevations
Faculty locations

V LAYIA
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Table 4-2. Analytical Levels for the 100-KR-4 Work Plan.

LEVELA
f LEVEL1
s LEVELII
m  LEVELIII
m TEVEL IV
m LEVELY

Field screening. This level is characterized by the use of portable
instruments which can provide real-time data to assist in the
optimization of sampling point Iocations and for health and safety
support. Data can be generated regarding the presence or absence
of certain contaminants (especially volatiles) at sampling locations.

Field analysis. This level is characterized by the use of portable
analytical instruments which can be used onsite, or in mobile
laboratories stationed near a site (close-support laboratories).
Depending on the types of contaminants, sample matrix, and
personnel skills, qualitative and quantitative data can be obtained.

Laboratory analysis using methods other than the Contract
Laboratory Program Routine Analytical Services. This level is
used primarily in support of engineering studies using standard
EPA-approved procedures. Some procedures may be equivalent
to Contract Laboratory Program Routine Analytical Services
without the Contract Laboratory Program requirements for
documentation.

Contract Laboratory Program Routine Analytical Services. This
level is characterized by rigorous QA/QC protocols and
documentation and provides qualitative and quantitative analytical
data. Some regions have obtained similar support via their own
regional laboratories, university laboratories, or other commercial
laboratories.

Nonstandard methods. Analyses which may require method
modification and/or development are considered Level V by
Contract Laboratory Program Special Analytical Services.

A Per McCain and Johnson 1990, Levels I, II and III are equivalent to field or laboratory screening and
Levels III, IV and V are equivalent to validated laboratory analyses.
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Data types
Sources
Site walkover

Data compilation

Geologic
Lithology

Soil/aediment type
Physical properties

Geochemical properties

Surface Water

Field parameters

Chemical Properties

Physical Properties

Ground water
Interaction with
Columbia River

I

Table 4-3. Data Collection Types, Measurements and
Required Analytical Levels for the 100-KR-4 Operable Unit.

Page 1 of 3
Required
Analytical analytical
Measurements — method level
N/A N/A N/B
Literature review N/A N/a
Geologic log SOP I
Soil/sediment classification SOP 1
Porosity ASTM III
Bulk density ASTM IIT
Particle size distribution ASTH III
Moisture content ASTM III
Permeability ASTH III
Cation exchange capacity MOSA III
Total organic carbon MOSA III
pH sop III
- pH sop I
= Temperature o) 4 I
- Total suspended solids sop I
- Specific conductance SOP
- Disaolved oxygen S0P
~ Oxidation reduction potential S0P
Radionuclides SOP/LAP III, V
Organics 80% SWB46/20% CLP I1I, IV
Inorganics 80% SW846/20% CLP I1ix, 1v
Seepage Sop I
~ River elevation change SOP I

sc,

sc,

sc,
sc,

sc,
sec,
se,
se,
sc,

se,

se,

sc,
sc,
sc,
se,
sc,
se,

sc,
sc,
sc,
sc,

sc,

Data use

EA,

EA,

EA,

EA,

ED

ED

ED
ED

ED
ED
ED
ED
ED, RA

ED
ED
ED

ED

ED
ED
ED
ED

ED, RA
ED, RA
ED, RA
ED, RA

ED, RA

V IAVET
1¢-06-T/HO0A



Table 4-3. Data Collection Types, Measurements and
Required Analytical Levels for the 100-KR-4 Operable Unit.

Page 2 of 3
Required
Analytical analytical
Data types Measurements method level
Sedimentsg
Chemical Properties Radionuclides SOP/LAP I1I, Vv
Organics 80% SW846/20% CLP I1x, 1iv
Inorganics 80% SWB46/20% CLP 111, 1Vv
Vadose
Chemical properties Radionuclides SOP/LAP III/Vv
Oorganics 80% SWB46/20% CLP ITI/1IV
Inorganics 80% SWB46/20% CLP I11/IV
Herbicides/pesticides 80% sWe46/20% CLP I11/3IV
< PCB® 80% SW846/20% CLP III/IV
g
A
s Ground Water
N .
Lithology Geology of well locations sop I
Hydrolegic properties Field test wells sop - II
Lab test soll samples sop Iix
Ground water elevation = Well cadastral survey sop I
- Depth to ground water S0P I
= Hydraulic gradient between
aquifers N/a I
Ground water chemistry Radionuclides SOP/LAP IIL)v
Organics B80% SWB46/20% CLP I1Y/1V
Inorganics 80% SWB46/20% CLP i11/1v
Herbicides/pesticides 80% SW846/20% CLP IXX/IV
PCBEg 80% SWB846/20% CLP IIX/IV

sC,

sc,

sC,
sC,

se,
5C,

sC,
sc,
sc,

sC,
sC,

sc,
scC,
sc,
sc,

sc,

Data use

EA,
ER,
Ea,

EA,
EA,
EAR,

ER,
EA,

ED,
ED,
ED,

ED,
ED,
ED,

ED,
ED,

ED,

ED,
ED,

ED,
ED,

53

5 8 8 8 B

5

RA,
RA,
RA,

V LAVAA
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Table 4-3. Data Collection Types, Measurements and
Required Analytical Levels for the 100-KR-{& Operable Unit.

Page 3 of 23
Required
Analytical analytical
Data types Measurements method level Data usze
Bquatic Bipta
Literature review Algae and other low level tropic biota N/AR I s¢, EA, ED, AA
Biota uptake of radionuclides and N/A I s¢, EA, ED, BAA
Inorganics
Presence of critical habitats N/A I AA
Cultural Resoyrces
Literature search Location of surficial archeological N/a R/a AA
slites
Presence of historic or archeological
sites that may be eligible for the
National Register of Historic Places
Topographic mapping 11/2 ft contours (0.5-m) 50P I sC, EA, ED

Standard bperating procedures

S0P =

CLP = Contract laboratory program
LAP = Laboratory analytical protocol
N/A = Not applicable

ASTM = American Socliety of Testing and Materials
5S¢ = Site characterization

EA = Evaluation of alternatives

ED = Englneering design

RA = Risk assessment

Ws = Worker safety

RA = Address ARARRS

SW856= EPA 1986b

YV Lavid
1706~ T4/90d
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The usability of field data must also be assessed by a trained and qualified
person. The project hydrologist will review the geologic logs, hydrologic data, and
geophysical surveys on a daily basis, and senior technical reviews will be conducted
periodically throughout the project.

Consistent data management procedures are also necessary for validated data.
Data management includes proper field activities, sample management and tracking,
and document control and inventory. Specific procedures are discussed in the Data
Management Plan (Attachment 4).

4.2.3.2 Contaminant Levels of Concern. To identify appropriate data needs,
contaminant levels of concern and action-specific requirements must be identified.
This is accomplished by identifying preliminary ARARs. Because of the iterative
nature of the RI/FS process, ARARs identification continues throughout the RI/FS as
a better understanding is gained of site conditions, site contaminants, and remedial
action alternatives. '

There are three categories of ARARs. Chemical-specific ARARs define
acceptable exposure levels and are used to establish preliminary remedial action
objectives. Action-specific ARARs are requirements governing the implementation of
remedial actions at the site. Location-specific ARARs are requirements which set
restrictions on activities conducted within specific locations, such as areas identified as
having historical or archeological significance. The preliminary federal and state
ARARs identified for the 100-KR-4 operable unit are discussed in Section 3.2,

During RI/FS planning, an identification of chemical-specific and location-
specific ARARs is made in order to develop cleanup objectives and focus data
collection. Chemical-specific ARARs are expressed as numerical values and are either
derived from specific standards (i.e., maximum contaminant levels [MCLs] as
specified in the Safe Drinking Water Act) or are health-based (i.e., levels of
contaminants which pose an excess lifetime cancer risk of 1 x 10 to 10°). By .
identifying these standards now, appropriate analytical methods and detection limits
can be selected for the contaminants of concern. Analytical methods chosen will need
to have detection limits below the identified level of concern. The analytical methods
proposed in Table 4-3 were selected based upon the chemical-specific requirements
identified in the preliminary ARARs analysis.

The location-specific ARARs that must be considered prior to implementation

of any field activities were discussed in Section 3.2.3 and identified in Table 3-25.
The existence and potential value of any archeological resources or critical habitats
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need to be determined before any field investigation activities are undertaken. In
order to ensure that any archaeological resources are not impacted during the RI/FS
process, various Indian tribes will be afforded the opportunity to review and comment
on the work plan prior to sampling.

4.2.4 Data Quantity Needs

. The number of samples that need to be collected during an RI/FS can be
determined by using several approaches. In instances where data are lacking or are
limited, a phased sampling approach may be useful. In the absence of available data,
an approach or rationale will need to be developed to justify the sampling locations
and the numbers of samples selected. In situations where data are available, statistical
techniques may be useful in determining the number of additional data required.

4.2.5 Sampling and Analyses Options

The resources available for performing a remedial investigation need to be
evaluated during RI/FS planning. Data collection activities can then be structured to
obtain the needed data in a cost-effective manner. Developing a sampling and analysis
approach which ensures that appropriate levels of data quality and quantity are
obtained with the resources available may be accomplished by using a phased RI
approach and field screening techniques.

The RI/FS for the 100-KR-4 operable unit will take advantage of both
approaches. Scoping studies conducted either prior to or in conjunction with the RI
Phase I activities, followed by a more detailed RI Phase II, will provide for a
comprehensive characterization of the site in a cost-effective manner.

Another important aspect of planning the data collection program is determining
the quantity of high level analytical data required to support RI/FS objectives. In
order to obtain needed data in a cost-effective manner, and still support RI/FS
objectives, a combination of lower level analytical data (Levels I, II, and III) and
higher level analytical data (Levels IV and V) will be collected. For instance, the
samples collected from the sources will be analyzed by CLP procedures, to provide
litigation quality data. This will provide the certainty necessary to determine the
contaminants present in the source material. Samples collected from the remaining
media (i.e., soils, ground water, surface water, sediments) will be analyzed by both
SW 846 and CLP procedures. Approximately 80% of the samples collected will be
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Level 1II data; 20% will be Levels IV and V data. All data will be validated to .

qualify the accuracy and usefulness of the results regardless of the analytical method
used (EPA 1986b),

4.2.6 PARCC Parameters

The precision, accuracy, representativeness, completeness, and comparability
(PARCC) parameters are indicators of data quality. Ideally, the end use of the data
collected should define the necessary PARCC parameters. Once the PARCC
requirements have been identified, then appropriate analytical methods can be chosen
to meet established goals and requirements. A complete discussion of the PARCC
requirements for the RI Phase I are discussed in the quality assurance project plan.

4.3 DATA COLLECTION PROGRAM

Conducting an RI in phases is a common method for optimizing the quantity
and quality of the data collected. It would be very inefficient and overly expensive to
specify beforehand all the types of samples and analyses that will yield the most
complete and accurate understanding of the contamination and physical behavior of the
site, Data adequate to achieve RI/FS goals and objectives are obtained at a lower cost
by using the information obtained in each step to focus the investigation in succeeding
steps. Phased remedial investigations are encouraged by EPA’s current RI/FS
guidance document (EPA 19883a).

The first phase of the RI Phase I of the 100-KR-4 operable unit will complete
the gathering and analysis of existing information and collect new data believed
necessary to confirm and refine the conceptual model. Subsequent phases may be
needed to further reduce uncertainty, to fill in remaining gaps in the data, collect more
detailed information for certain points where such information is required, and to
conduct any needed treatability studies. The need for subsequent investigation phases
will be assessed early in the RI Phase I investigation and as data become available.

4.3.1 General Rationale

The central rationale for undertaking an RI of the operable unit is to develop
needed data that is lacking in the available information. The amount of information
that has been assembled and evaluated to date is considerable. Because of the size of
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the operable unit, the complexity of past operations, and the number of waste
management units, the amount of information that ultimately will be required is much
greater that what is already available.

The following general rationale and corresponding technical work plan
approach or strategy will be used to collect additional data for the 100-KR-4 operable
unit:

®  Existing data will be used to the maximum extent possible. Although
existing data may not be validated to current standards, the data are still
useful in developing the site model and helping to focus and guide the
investigations.

B Additional data and high quality data will be collected to obtain the
maximum amount of useful information for the amount of time and
resources invested in the investigation,

B Data will be collected, as needed, to support the intended data uses
identified in Section 4.2.1,

®  Nonintrusive sampling (e.g., geophysical testing, surficial soil and source
sampling, sampling of existing ground water monitoring wells) will be
conducted early in the RI Phase I, or in a separate pre-RI process to
identify necessary interim response actions. The information obtained
from an early study will be evaluated and used to revise the scope of the
RI/FS.

®  Phase I data will be collected to confirm and refine the conceptual
model, refine the analyte list for any subsequent investigations, and
provide the information to conduct a short-term risk assessment. If the
short-term risk assessment indicates a potential risk at the site greater
than 1 x 10* (1 in 10,000 chances of developing cancer) interim
response actions will be taken.

¥ The RI Phase II for the 100-KR-1 and 100-KR-4 operable units will
support the long-term risk assessment for final cleanup actions. If the
long-term risk assessment indicates a potential risk greater than 1 x 10
to 1 x 105, remedial action alternatives will be developed and evaluated
to address these risks.
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®  The investigations for the 100-KR-1 and 100-KR-4 operable units will be
coordinated to reduce overall costs and maximize the usefulness of the
data obtained.

®  Field investigation techniques will be used to minimize the amount of
hazardous waste generated; however, any waste generated will be
barrelled in accordance with EII 4.2 "Interim Control of Unknown
Suspected Hazardous and Mixed Waste" (WHC 1989¢).

4.3.2 General Strategy

As stated earlier, the objective of the RI/FS is to gather additional information
sufficient to support an RI/FS. The general approach or strategy for obtaining the
additional information is presented.

The following strategies will be used to collect additional data for the 100-KR-4
operable unit:

B All proposed ground water investigations will be conducted as part of the
100-KR-4 work plan.

®m  Well locations will be coordinated with surrounding operable units and
potential sources whereby one well may serve multiple purposes.

®  Sampling parameter selection will be based on verifying overall
conditions and then narrowed to contaminants of concern. Periodic
overall sampling will be conducted to verify no new contaminants.

®  Riverbank seeps and soils, vadose zone, and sediment and aquatic biota
investigations will be coordinated with ground water investigations to
provide information on contaminant movement and fate. These
investigations will be conducted as part of the 100-KR-4 work plan.

M All the results from various existing onsite ground water sampling
activities will be compiled regularly to avoid duplication of effort and
provide one complete database for the 100-KR-4 operable unit. This
should continue during any long-term site monitoring as well as during
implementation of this work plan.
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The locations and types of sources that exist in the 100-KR-1, 100-KR-2
and 100-KR-3 operable units will also be identified and evaluated as a
possible contributor to ground water contamination in the 100-KR-4
operable unit work plan. Collection of data in the three operable units
will be directed toward ground water information. However, these data
will be collected in such a manner that they can be used in the specific
work plans for the 100-KR-2 and 100-KR-3 work plans when they are
developed.

The following strategies also will be used to collect additional data for the 100-
KR-4 operable unit by coordinating the 100-KR-1 and 100-KR-4 operable units
investigations and using data from the 100-KR-2 and 3 operable units:

The 100-KR-4 operable unit ground water investigation will begin at the
same time as the 100-KR-1 operable unit investigation. By designing the
two investigations in an integrated manner, the costs of the information
obtained will be reduced, and the value of the information will be
increased. For example, by locating deeper boreholes and wells needed
for the ground water investigation in areas adjacent to the disposal units,
where near-surface samples are needed for the source investigation, the
overall costs of the drilling and sampling will be reduced.

All similar field work for the 100-KR-4 and the 100-KR-1 operable units
will, to the maximum extent possible, be conducted at the same time.
These and other means will be used to reduce costs or improve the value
of the information obtained by coordinating the two investigations.

The locations and types of sources that exist in the 100-KR-1 operable
unit will be identified and evaluated as a possible contributor to ground
water contamination. Discussions concerning the sources in the 100-KR-
1 operable unit are included in the 100-KR-1 work plan.

4.3.3 Investigation Methodology

tasks:

The initial phase of the RI will include the foliowing integrated investigational

Source investigation

WP 4-19




-

DOE/RL-90-21
DRAFT A

®  Geological investigation

®  Surface water and sediment investigation
B Vadose investigation

®  Ground water investigation

®m  Air investigation

®  Ecological investigation

B Other investigations (cultural, topography)

Each task is briefly outlined in the following sections; more detailed
descriptions are contained in Chapter 5.0.

4.3.3.1 Source Investigation. The purpose of the source investigation for the
100-KR-4 operable unit is to identify the locations and type of sources that exist in the
100-KR-1, 100-KR-2, 100-KR-3 operable units that may contribute to ground water

contamination in the 100-KR-4 operable unit. Another concern is that cross
contamination may result in the course of the ground water investigation from drilling

through highly contaminated materials in one of the source operable units. This will
be avoided by: (1) generally locating monitoring wells where vadose zone
contamination is expected to be low, (2) using staged well construction, and (3)
collecting samples of the materials in the vadose zone as wells are being drilled to
confirm levels of contamination. Activities to be performed during the source
investigation include the following:

®  Compile and review data to evaluate liquid disposal sites for the potential
for significant releases to the ground water; potentially significant
sources not currently identified in this work plan may be considered
based on the results of this evaluation.

®  Conduct an area walkover of the 100-K Area to identify and locate
additional sources, and provide for a better understanding of the site.

4.3.3.2 Geologic Investigation. A geologic investigation for the 100-KR-4 operable
unit will be performed to obtain the geometry of the vadose and ground water system
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and the nature of unsaturated and saturated sediments that make up this system. The
geologic investigation will include the following tasks.

®  Compilation and review of existing data to further the understanding of
the geologic conditions at the 100-K Area.

®  An area walkover to develop a preliminary sitewide geologic map of the
surficial sediments, evaluate access for drilling equipment, and locate
surface utilities,

. ®  Geologic data collected during the ficld mapping and during the ground
water investigation (e.g., geologic and geophysical logs) will be
evaluated.

4.3.3.3 Surface Water and Sediment Investigation. A surface water and sediment
investigation will be conducted to evaluate the impact of facility operations on the

... exposed shoreline and the quality of the Columbia River. The investigation will
include:

B Compilation and review of existing data to further the understanding of
the connection of the ground water and surface water systems.

m  Mapping, sampling, and analysis of riverbank seeps and springs.
Seepage measurements will also be conducted.

®  Monitoring of the river stage of the Columbia River at the 100-K Area.

®  Data evaluation of the surface water data.

7 4.3.3.4 Vadose Investigation. The purpose of the vadose investigation in the Phase

I RI for the operable unit is to provide information on soil chemistry and physical
properties as they relate to potential impacts on ground water, e.g., recharge potential,
and to provide supporting information for the 100-KR-1, -2, and -3 source operable
unit RIs. Soil samples for analysis will be collected from the vadose zone in
conjunction with the monitoring well installation. '

4.3.3.5 Ground Water Investigation. The purpose of the ground water
investigation is to determine the nature, extent and movement of ground water
contamination in the hydrostratigraphic units underlying the 100-K Area. The
investigation will include:

®  Compilation of existing data to further understand the ground water
system in the 100-K Area.
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®  Installation of monitoring wells at selected locations and in selected
hydrostratigraphic units. These and certain existing wells will provide
access for hydraulic testing, hydraulic head measurement, and for ground
water samples for chemical and radionuclide analysis.

®  Sampling of borehole (for well installation) soils/sediments for soil
physical and soil chemical analyses.

B Data collected during this investigation will be evaluated to define the

hydrologic and water quality conditions of the ground water system in
the 100-K Area.

4.3,3.6 Air Investigation. The 100-KR-4 air investigation will consist of onsite
particulate sampling as part of the health and safety program. '

4.3.3.7 Ecological Investigation. The ecological investigation for the 100-KR-4
operable unit will consist of a review of biological data developed and evaluated at
other areas on the Hanford Site, supplemented by a focused, onsite riparian zone, and
aquatic biological survey. The objectives of this survey will be restricted to
determining whether any critical habitat exists within the operable unit, refining the
contaminant pathways model, and obtaining contaminant concentration data to quantify
the transfer functions.

4.3.3.8 Other Investigations. Two other investigations will be performed during the
RI for the 100-KR-4 operable unit, the cultural resource investigation and the
topography investigation.

The cultural resource investigation will involve verifying the locations of known
archaeological sites in the 100-K Area by reviewing data and conducting a field
survey. The focus of the investigation will be to determine whether archaeological
resources are present at proposed drilling sites.

A topographic base map will be developed which will serve as a reference base
for all of the RI investigations.

4.3.4 Data Evaluation and Decision Making

During the RI Phase I for the 100-KR-4 operable unit, data will be evaluated as
soon as they become available, for use in restructuring and focusing the RI/FS, as .
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appropriate. Data reports will be developed that summarize and interpret the collected
data. The data can then be used to refine the conceptual model, further assess
potential contaminant-specific ARARs, develop the baseline risk assessment, begin
development of the FS, and complete the RI report.

The objectives of data evaluation are to:

®  Reduce and integrate the data so that data gaps can be identified and the
goals and objectives can be met for the various RI/FS objectives

m  Confirm that the data are representative of the media sampled and that
QA/QC criteria have been met.

e The decisions to be made upon the completion of the 100-KR-4 RI Phase I will
- be primarily to identify the need for additional data collection. Figures 4-1 and 4-2
illustrate the decision-making process that will be used during the RI Phase I for

" sources, soils, surface water and sediments, ground water, air, and biota.

£y
¥
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EVALUATE WELL FITNESS

VALIDATE
APPROPRIATE |—=! AND INSTALL NEW WELLS
DATA (IF NECESSARY)
]
Y
OBTAIN ALL SAMPLE NEW AND
EXISTING EXISTING WELLS FOR |
GROUND WATER SPECIFIC PARAMETERS
DATA {BASED ON DATA REVIEW)
|
ANALYZE SAMPLES
FOR SPECIFIC
PARAMETERS
Y
VALIDATE DATA
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COMPLIANCE
NO
NO ADEQUATE
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= OF DECISION
OF CONCERN IDENTIFIED QUALITY
DATA
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Figure 4-1. Decision Tree For RI/FS Ground Water Sampling.
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Figure 4—2. Decision Making Tree for RI/FS Soil, Surface Water,
. Sediment, Air, and Biota Sampling.
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5.0 REMEDIAL INVESTIGATION/FEASIBILITY
STUDY TASKS

This section describes the various tasks to be implemented during the course of
the project. The specified tasks are designed to provide information to meet the
DQOs identified in Chapter 4.0. The following sections are included:

5.1 Project Management

5.2  Operable Unit Characterization

5.3 Remedial Alternatives Tasks

5.4 [Feasibility Study Phase I/II - Remedial Alternatives Screening

5.5 Remedial Investigation Phase II - Treatability Investigation

5.6 Feasibility Study Phase III - Detailed Analysis of Remedial Alternatives.

Detailed information on field sampling is presented in the Sampling and
Analysis Plan (Attachment 1). Environmental monitoring requirements during the
field investigations of 100-KR-4 are described in the Health and Safety Plan
(Attachment 2). The Project Management Plan (Attachment 3) describes the
organizational structure, responsibilities, and procedures for the overall management
of the RI/FS. The Data Management Plan (Attachment 4) describes procedures for
data management.

It may be necessary to update this section during the course of the project as
the operable unit conditions become better characterized. Depending on the results of
certain tasks, other tasks may need to be created, supplemented, or deleted. As such,
this portion of the work plan and the associated attachments are meant to function as a
living document. Revisions will be made and distributed, as appropriate.

5.1 PROJECT MANAGEMENT
The objectives of project management during the performance of the 100-KR-4

RI/ES are to direct and document project activities to assure that data and evaluations
generated meet the goals and objectives of the work plan, and to administer the project
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within budget and schedule. The initial project management activity will be to assign
individuals to roles established in the project management plan. Specific activities that
will occur throughout the RI/FS include:

B General management
®  Meetings

m  Cost control

®m  Schedule control

®  Data management

W Progress reports.

5.1.1 General Management

General management includes the day-to-day supervision of, and
communication with, project staff and subcontractors. Throughout the project, daily
communications between office and field personnel will be maintained, along with

periodic communications with subcontractors. This constant and continual exchange
of information will be necessary to assess progress, to identify potential problems
quickly enough to make necessary corrections, and to keep the project focused on the
objectives, the schedule, and within the budget.

5.1.2 Meetings

Meetings will be held, as necessary, with members of the project staff,
subcontractors, regulatory agencies, and other appropriate entities to communicate
information, assess project status, and resolve problems.

A kickoff meeting will be held with designated project personnel, and project
staff meetings should be held weekly. The 100-KR-4 operable unit project
coordinators for this and other operable units will meet on a weekly basis to share
information and to discuss progress and problems. The frequency of other meetings
will be determined based on need and on schedules in the Hanford Federal Facility
Agreement and Consent Order (Ecology et al. 1989).
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5.1.3 Cost and Schedule Control

Project costs, including labor, other direct costs, and subcontractor expenses,
will be tracked monthly. The budget for tracking activities will be computerized and
will provide the basis for invoice preparation and review and for preparation of
progress reports. Scheduled milestones will be tracked monthly for each task of each
project phase. This will be done in conjunction with cost tracking.

5.1.4 Data Management

The project file for the 100-KR-4 operable unit will be kept organized, secured,
and accessible to project personnel. All field reports, field logs, health and safety
documents, QA/QC documents, laboratory data, memoranda, correspondence, and
reports will be logged into the file upon receipt or transmittal. This task is also the
mechanism for ensuring that data management procedures documented in the Data
Management Plan (Attachment 4) are carried out.

5.1.5 Progress Reports

Quarterly progress reports will be prepared, distributed to project personnel and
entities (project and unit managers, coordinators, contractors, subcontractors, etc.),
and entered into the 100-KR-4 operable unit project file. The reports will summarize
the work completed, present data generated, and provide evaluations of the data as
they become available. Progress, anticipated problems and recommended solutions,
upcoming activities, key personnel changes, status of deliverables, and budget and
schedule information will be included.

5.2 OPERABLE UNIT CHARACTERIZATION

Chapters 2.0 and 3.0 provided discussions about the current knowledge of the
environmental characteristics and distributions of contaminants in the 100-KR-4
operable unit. These discussions provided the basis for identifying additional data
needed to evaluate hazards associated with the 100-KR-4 operable unit and to design
and implement remedial actions. Chapter 4.0 presented these needs in the form of 12
specific tasks. These tasks are discussed individually in this section. The data
needed, techniques for collecting the data, and data uses are presented.
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Several pre-RI nonintrusive characterization activities are recommended to be
conducted during the review period of this work plan. These activities would be
conducted to (1) identify areas posing immediate and ongoing risks to human health or
the environment, and (2) refine the scope of the RI investigation. Examples of pre-RI
activities might include sampling and analysis of existing wells or water level
measurements of existing wells.

5.2.1 Task 1 - Project Management

This task is necessary to meet the goals and objectives of the RI/FS, and it is
discussed in Section 5.1 and Aftachment 3, PMP.

5.2.2 Task 2 - Source Investigation

The purpose of the source investigation in the Phase I RI for the 100-KR-4
operable unit is to (1) identify sources that may contribute ground water
contamination, and (2) reduce the potential of cross-contamination that would occur if
a highly concentrated source were penetrated during the drilling and well installation
stage of the ground water investigation. The source investigation for 100-KR-1
operable unit will provide the information for that operable unit. The source
investigation for the 100-KR-4 will be limited to two subtasks listed below:

®  Subtask 2a - Data Compilation and Review
®m  Subtask 2b - Field Activities: (1) site walkover survey.

A detailed source investigation using more refined survey methods may be
performed as part of the RI for each of the other operable units.

5.2.2.1 Subtask 2a - Data Compilation and Review. The source data compilation
will consist of gathering information on the location, types, and quantities of wastes
disposed of in operable units 100-KR-1, -2, and -3. The objectives for this subtask
include the following:

®  Evaluate liquid disposal sites for potentially significant releases to ground
water; potentially significant sources, not currently identified in this
work plan, may be considered for further investigation based on the
results of this evaluation. .
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®  Provide facility and disposal information to support the overall RI/FS.

This subtask will include a literature review and interviews with pertinent Hanford
personnel. Additional information may be obtained during other tasks such as the site
walkover survey, and source sampling (100-KR-1).

5.2.2.2 Subtask 2b - Field Activities.

5.2.2.2.1 Site Walkover Survey. A walkover of the 100-K Area will be
performed primarily to verify the location and condition of source facilities shown on
the site map. Discrepancies between locations indicated on the map and those
observed in the field will be resolved. The presence of utilities, structures (e.g.,
fencing), surface features (e.g., berms), radiation zones, and markers, which could
affect the movement of equipment or activities of field personnel, will be noted.
Also, the general quality of the terrain will be surveyed to the extent that it will affect
ground water monitoring well installation and river shore surveying.

5.2.3 Task 3 - Geologic Investigation

The overall objectives of the geologic investigation are to obtain information
concerning the geometry of the vadose and ground water systems and determine the
characteristics of the unsaturated and saturated sediments of these systems. The
horizontal and vertical variations in geologic materials directly affect the movement
and distribution of water and contaminants in these systems. The geologic
investigation is integrated with the vadose zone and ground water investigations by
using the monitoring well boreholes for multiple purposes. The proposed well
locations are shown on Figure 5-1.

The specific objectives of the geology investigation outlined below are based on
the current understanding of the site geology. As the geologic model is refined during
implementation of the work plan, these objectives may need to be refined.

W Characterize the "natural” surficial sediments and "fill" in the 100-K
Area, including shoreline sediments.

W Identify and measure the elevation of the Hanford/Ringold formation

contact at 15 locations. This contact is expected to be within the vadose
zone.
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B  Determine the lithology and geometry of strata within the Ringold
Formation. Lithologic and geometric features of particular interest
include: cemented gravels in the upper Ringold sequence, the first clay
layer below the cemented gravels in the middle Ringold sequence, the
"blue clay" in the lower portion of the middle Ringold sequence, and the
sand and gravels of the lower Ringold sequence.

W Measure the depth to bedrock at one location for comparison with

regional data and to determine if there is an "erosional window" through
the basalt.

The Phase I geologic investigation has been organized into four subtasks to
accomplish these objectives:

®  Subtask 3a - Data Compilation and Review
B Subtask 3b - Field Activities

®  Subtask 3c - Laboratory Analysis

W Subtask 3d - Data Evaluation

5.2.3.1 Subtask 3a - Data Compilation and Review. The purpose of this task is to
gain an understanding of the geology at the 100-K Area as defined by existing data.

A preliminary data review was conducted in preparation of this work plan. These
data will be supplemented with: site specific information not reviewed during the
preliminary study; information collected during nonintrusive activities (e.g., pre-RI
water level measurements); and information from relevant studies in the vicinity of the
100-K Area (e.g., the 116-6A In situ Vitrification (ISV) project, and RI and/or RFI
studies in 100-B/C, 100-D, 100-F, 100-H, 100-N Areas).

5.2.3.2 Subtask 3b - Field Investigations. The Phase I geologic investigation
includes one field activity, geologic mapping. Site geologic mapping will be
conducted at a scale of ~1:500 on the topographic base map of the 100-K Area (see
Task 9). Special emphasis will be placed on differentiating between fill and "natural”
material and between types of fill and on describing conditions along the shoreline,
especially near the seeps. Stereo photographs and other remote sensing techniques
will be used during this activity.
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5.2.3.3 Subtask 3c - Laboratory Analysis. Laboratory analysis of the physical
properties of the surface and subsurface materials is discussed in Subtask 6¢, because
these samples will be collected from the monitoring well boreholes.

5.2.3.4 Subtask 3d - Data Evaluation. Geologic data collected during the field
mapping and during the ground water investigation (e.g., geologic and geophysical
logs) will be compiled and reviewed in order to produce a variety of graphical
interpretations. The purpose of these interpretations is to illustrate subsurface geologic
conditions and help illustrate their impact on ground water and contaminant
movement. The graphical interpretations will include, at a minimum: a site geologic
map, lithologic descriptions, and stratigraphic delineations related to both elevation
and depth below surface. Other graphical interpretations may be prepared including
cross-sections and/or fence diagrams, contour maps of the elevation of specific
geologic or hydrostratigraphic horizons, and isopach maps of specific geologic or
hydrostratigraphic units.

5.2.4 Task 4 - Surface Water and Sediment Investigation

The goal of Task 4 is to evaluate the impact of facility operations on the
exposed shoreline along the 100-K Area and the quality of Columbia River water.
The objectives of the investigation are to (1) characterize, to a limited extent, the
distribution and levels of contaminants present along the seepage face, and (2)
determine the contribution of contaminants to the Columbia River.

The surface water and sediment investigation design was based on the
assumption that there is no significant residual contamination from past direct
discharge to the Columbia River in either the water or in the sediment. Contaminated
sediment and water resulting from direct discharge during reactor operation is
assumed to have been carried downstream because the river is free flowing along this
reach (velocities range from 3 to 11 ft/s [1 to 3.3 m/s]) (ERDA 1975). The present-
day source of radioactive contaminants is assumed to be inflow of contaminated
ground water.

Trying to measure the concentrations of contaminated ground water after
mixing with the large volume of the Columbia River (i.e., along transects) would not
yield useful information for evaluation of impact. Contaminant concentrations are
expected to be highest in ground water wells, seeps, and springs before the ground
waters mix with and are diluted by surface waters in the Columbia River. Sampling
in these areas will be the focus of the surface water sampling and analysis because (1)
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they will provide the appropriate data for assessing contaminant input to the river from
which calculated river water concentrations can be made, and (2) the springs and
seeps appear to present 2 more immediate risk to human health and the environment
than do surface waters in the Columbia River along the 100-KR-4 operable unit.

Additionally, sediment sampling in the river is of questionable use.
Distinguishing previous sediment contamination from upstream sources (past operation
of 100-B/C Area), contributions due to 100-K reactors, and global fallout *’Cs and
%Sr will be a difficult task. Simply making a few measurements in the vicinity of the
study site will not provide adequate resolution, Sediment sampling will consist of
sampling only where the radiation survey of the shoreline indicates contamination.

Fluctuations of the river stage of the Columbia River will be investigated in this
task. The unconfined aquifer system that is in direct contact with the river reacts very
strongly to changes in river stage. River stage can change by several feet in the span
of an hour, sending a pressure wave inland through the aquifer. The effect of river-
stage dynamics on local ground water velocity fields, submerged interflow, and bank
storage/release and contaminant transport is not well defined. Time histories of river
stage in the 100-K Area are also critical to understand the riverbank springs and
submerged interflow.

Surface water and sediment investigation will be coordinated with the geologic,
ground water, and biota investigations. This coordination will allow comparison of
results and assist in establishing relationships between the media. Operations among
the investigations will be coordinated to the maximum extent possible to prevent
duplication of effort and to ensure optimum use of data. Sampling locations and
activities may be modified based on findings and/or projections from the ground water
investigation.

This task consists of the following subtasks:
B Subtask 4a - Data Compilation
W Subtask 4b - Field Activities: (1) shoreline mapping, (2) shoreline
radiation survey, (3) sampling riverbank seeps and springs,
(4) riverbank sediment sampling, (5) seepage measurement,

and (6) river stage measurement

B Subtask 4c - Laboratory Analysis: (1) soil chemical properties and
(2) water chemical properties
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R Subtask 4d - Data Evaluation

5.2.4.1 Subtask 4a - Data Compilation. Data applicable to the 100-KR-4 operable
unit relative to the Columbia River water and sediment will be obtained, inventoried,
and evaluated. Existing data considered useful for this investigation will be added to
the database as discussed in the data management plan. The database will be created
and utilized to facilitate data comparisons, manipulation, and presentation. Hydrologic
data from the U.S. Geologic Survey’s gaging station, located just below Priest Rapids
Dam, will be included. Information relative to river stage and discharge in the
vicinity of the 100-KR-4 operable unit will also be obtained. Ground water
contamination information from near-shore ground water wells will also be integrated
with surface water data. Data relative to the Columbia River water and sediment
quality will be included, as will data collected from applicable seeps or springs. The
information gathered will be useful in characterizing the Columbia River environment
near the 100-KR-4 operable unit, in order to optimize and adjust sample locations and
times and assist in interpreting data collected during this investigation.

5.2.4.2 Subtask 4b - Field Activities.

5.2.4.2.1 Shoreline Mapping. Areas of interest (springs, radioactive
anomalies, etc.) will be staked, photographed, and mapped on a topographic base
map. The area to be mapped will be bounded by the river shoreline along and in the
vicinity of the 100-K Area. The work will focus on identifying seeps, springs, and
process-related structures along the shoreline to help locate sampling locations. This
should be conducted in conjunction with geologic mapping to determine if there is any
correlation between spring/seep locations and lithologic variations. Mapping should
also be conducted with a survey of riparian biota present in this area. Several
riverbank springs or ground water seeps along the 100-K Area have been observed in
the past. Emphasis will be placed on identifying shoreline seep locations previously
demonstrated to be reliable or consistent discharge points (see Figure 2-16).

5.2.4.2.2 Shoreline Radiation Survey. A radiation survey along the exposed
shoreline inside the operable unit will be conducted to identify areas of contamination.
Although many of the radionuclides that may have been deposited along the shoreline
have decayed away since the reactor was shut down, some of the long-lived gamma-
emitting radionuclides may be present’and can be detected using portable, low-level
gamma radiation detectors. These radiation surveys will allow for evaluation of the
magnitude and distribution of any remaining radioactive contamination.
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Radiation surveys will be conducted on foot using low-level gamma radiation
detectors. Measurement results from these surveys will be compared with background
external radiation levels as measured along the shoreline upstream of the Hanford Site
with results of similar surveys conducted in the past (e.g., Sula 1980), and with
applicable external radiation protection dose limits.

»

5.2.4.2,2.3 Riverbank Seeps and Springs. Several riverbank springs and
seeps have been observed during previous investigations (McCormack and Carlile
1984). Because these locations represent a potential exposure pathway, concentrations
measured at these locations will be input to the baseline risk assessment.

The location of the exposed seeps and springs, and recognizable submerged
springs, will be identified during the shoreline mapping. Samples will be taken
adjacent to the visible or suspected ground water discharges. One additional sample
site will be located at the outfall structure. Sample sites for estimating background
conditions will be assessed during pre-RI activities.

Two rounds of spring and seep sampling will be performed. When and where
possible, spring and seep sampling will occur at the same time as ground water
sampling. Seeps that flow intermittently will be sampled as close to ground water
sampling events as possible. Field measurements will be made to determine the seep
water temperature, pH, specific conductivity, nitrate, phosphate, and potassium
concentrations.

Sampling will be conducted during low daily flow periods to maximize the
potential for near-shore and submerged seeps to be flowing freely. Cooperation will
be sought from the Bonneville Power Administration, the U.S. Army Corps of
Engineers and affected public utility districts in controlling flows during critical study
times. Historical discharge data for the Columbia River at Priest Rapids Dam indicate
that low seasonal flow typically occurs during September and October. This will
correspond with the late summer ground water sampling episode.

5.2.4.2.4 Riverbank Sediment Sampling. Samples of sediment will be
collected at sites where contamination is detected during the shoreline radiation
survey. Samples will only be collected from those areas observed to have elevated
exposure rate 25 mR/hr or greater to determine the concentration of contaminants.

5.2.4.2.5 Seepage Measurement. Although the seeps located above the river

water level represent only a portion of the total flow of ground water into the river,
estimates or measurements of the spring flow, where possible, will be made to -
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compare with the results obtained through the modeling activities. Standard
velocity/area measurement techniques to estimate the seep discharges will be used, if
possible. In cases where the springs are too small or where seepage occurs over a
general area, best technical judgment and field estimates will be necessary.

5.2.4.2.6 River Stage Measurement. A river-gauge station will be located on
the Hanford side of the Columbia River at the 100-K Area to characterize the spatial
and temporal variability of river stage. The gauge will be equipped with a stilling
basin, staff gauge (to periodically monitor and calibrate), and a continuously recording
pressure transducer.

5.2.4.3 Subtask 4c - Laboratory Analysis

Sediment samples will be tested for the "short list" of chemical properties
(Table 5-1) and contaminants of concern. Water samples will be analyzed for the
"short" list of analytical parameters (Table 5-2) and contaminants of concern. The
selection of the analyses of concern for water samples will be based on the results of
the initial comprehensive ground water sampling round. Several field parameters will
be measured while collecting water samples including: water temperature, pH,
conductivity, nitrate, phosphate and potassium concentrations.

5.2.4.4 Subtask 4d - Data Evaluation. Surface-water hydrologic data will be
evaluated to provide technically defensible inputs to the risk assessments for the
surface water pathway. In addition, surface water flow conditions will be evaluated to
refine schedules for sampling activities (i.e., spring mapping and sampling).

Radiation surveys will be evaluated to assess radiation levels at known
discharge locations and river bank springs and will be used to guide future sampling
efforts. :

Locations, elevations, relative water quality, and relative flows of seeps along
the riverbank will be plotted, and relative water quality data will be evaluated to
determine whether a preferential ground water discharge pathway to the river exists.
Hydrographs will be produced of the Columbia River and compared to the data.
Hydrographs will also be used in the data evaluation subtask of the ground water
investigation.

Surface water chemical concentrations will be used to evaluate dilution of

ground water discharges at the ground water-surface water interface. These data will
be used as input to assess environmental pathways along the riparian area.
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Table 5-~1.

Soil Physical Parameters

Moisture

Permeability

Cation exchange capacity

S0il classification

Grain-gize distribution
including percent clay

Long List of Soil Chemical Analysis

General chemical parameters

Ammonia-N
Carbonate
Chloride
Fluoride
Nitrate
Phosphate
Sulfate
Sulfamate
Oxalate

Radjonucliden

Americium~241
Carbon-14
Cobalt-60
Buropium~152
Europium-154
Europium-155
Gamma scan
Gross alpha
Gross beta
Iodine-129
Nickel-63
Plutonium
Strontium-90
Technetium-99
Tritium
Uranium

Page 1 of 2

Inorganics (Metals)

Aluminum
Antimony
Arsenic
Barium
Berylliium
Cadmium
Chromium,
hexavalent
Chromium (total)
Cobalt
Copper
Cyanide
iron
Lead
Magnesium
Manganese
Mercury
Nickel
Potassium
Selenium
Silver
Sodium
Thallium
Vanadium
Zinc

Herbjcides, Pesticides & PCBs

2,4,5 TP silvex
2,4-D

Alpha-~BHC
Beta-BHC
Delta-BHC
Gamma-BHC ({Lindane)
Heptachlor

Aldrin

Heptachlox epoxide
Endosulfan I
Dieldrin

4,4°'-DDE

Endrin

Endosulfan II
4,4’'-DDD
Endosulfan sulfate
4,4'-pDT

7

Proposed Soil and Rock Chemical and Physical Analyses.

Methoxychlor
Endrin ketone
Alpha-Chlordane
Gamma—-Chlordane
Toxaphene
Aroclor-1016
Aroclor-1221
Aroclor-1232
Aroclor-1242
Aroclor-1248
Aroclor~1254
Arcoclor-1260

Volatile Organic compounds

Chloromethane
Bromcmethane

Vinyl chloride
Chlorcethane

Methylene chloride
Acetone

Carbon disulfide
1,1-Dichlorcethene
1,1-Dichloroethane
1,2-Dichloroethene(total)
Chloroform
1,2~Dichloroethane
2-Butanone
1,1,1-Trichloromethane
Carbon tetrachloride
Vinyl acetate
Bromodichloromethane
1,2-bichloropropane
cis-1,3-Dichloropropane
Trichloroethene
Dibromochloromethane
1,1,2-Trichloromethane
Benzene

trans-1, 3-Dichloropropane
Bromoform
4-Methyl-2-pentanone
2-Hexanone
Tetrachloroethane
Toluene
1,1,2,2-Tetrachloroethane
Chlorobenzene

Ethyl benzene
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Table 5-1.

Styrene
Xylenes (total)

Semi-volatile organic compounds

Acenaphthene
2,4~Dinitrophenol
4-Nitrophenol

Dibenzofuran
2,4-Dinitrotoluene
2,6-Dinitrotoluene
Diethylphthalate
4~Chlorophenyl-phenylether
Fluorene

4-Nitroaniline
4,6-Dinitro-2-Methylphenol
N-Nitrosodiphenylamine
4~Bromophenyl-phenylether
Hexachlorobenzene
Pentachlorophenol
Phenanthrene

Anthracene
Di-N~-Butylphthalate
Fluoranthene

Pyrene
Butylbenzylphthalate
3,3'~pichlorohenzidine
Benzo (a) Anthracene

bis (2-Ethylhexyl} Phthalate
Chrxysene

Di-N-Octyl Phthalate

Benze {b) Fluoranthene
Benzo (k) Fluoranthene
Benzo {a) Pyrene

Indeno (1,2,3-cd) Pyrene
Dibenz (a,h) Anthracene
Benzo (g,h,1i) Perylene
Phenol

bis {-2~Chloroethyl} Ether
2-~Chlorophenol
1,3-Dichlorobenzene
1,4-Dichlorobenzene

Benzyl Alcohol
1,2~-Dichlorcbenzene
2-Methylphenol

bis (2-chloroisoprepyl) Ether

HA1842\TABLES\KRAS\180A
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4-Methylphenol
N-Nitroso-Di-Propylamine
Hexachloroethane
Nitrobenzene

Isophorone
2~Nitrophenol
2,4-pimethylphenol
Benzoic Acid

bis (-2-Chloroethoxy) Methane

2,4-bichlorophenol
1,2,4-Trichlorobenzene
Naphthalene
4~-Chloroaniline
Hexachlorobutadiene
4-Chloro-3~Methylphenol
2-Methylnaphthalene
Hexachlorocyclopentadiena
2,4,6-Trichlorophenol
2,4,5-Trichlorophenol
2-chloronaphthalene
2-Nitroaniline

Dimethyl Phthalate
Acenaphthylene
3-Nitroaniline

Rock Chemical Analyses

Basalt-x-ray fluorescence

Proposed Soil and Rock Chemical and Physical Analyses.

Short List of Soil Chemical Analyses
Radionuclides

Gross alpha
Gross beta

Inorganics etals

Arsenic
Chromium
Cadmium
Mercury
Zinc
Potassium

General Chemicals

Ammonia @ =

Flouride % Q

Chloride EE

Nitrate 2

Sulfate =

Sulfamate 1

Oxalate =3 g
1
[

Eb .

Organics

Herbicides

Pesticides "

PCBs

Total Organic Carbon
Total Organic Halogens
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Table 5-2. Extensive and Short List of Analytical Paramaeters for Ground and Surface Water.
‘100-KR-4 Operable Unit

EXTENSIVE LIST OF Satenium . Trichlorcethene
CHEMICAL PARAMETERS Sitver - Dibromochloromethane

Sodium 1,1,2-Trichioromethane
General ;I;hnlliun Benzeng:3 ;

. anadium trans~1,3-Dichlor
;:homu:ry 2ine Brmfox'-u opropane
Faramaters 4-Methyl-2-pentanone

2-Hexanona
Alkalinitys Harbickles, Te:rachloroetham
acidity Pastickles Toluene
Ammonia-N & PCR's 1,1,2,2+Tetrachiaoroethane
Bicarbonate BC chidrcbenzene
Biol.gg:cal oxygen 2,4,5 1P Silvex gg:::n:enzm
Carbonate [ Xylanes (total)
Chemical oxygen Alpha-BHC +Library Search
o sete e
Chloride -
Dissolved oxygen Gamma-BHG (Lirclane) Semi-Volatile
Fluoride ng:?:hla“ Organic
Hardness Heptachiar epoxide Compounds®
pi Dreldrin Phenol
Phosphiata 4! -DDE bis (-2-Chioroethyl) Ether
Total dissolved Endrin 2-Chlorophenat
Lid Endosui fan 1[ 1,3-Dichtorobenzens
Toral organic 4,47 -D0D 1,4-Dichiorabenzene
carbon Endasul fan sulfate Benxy{ Alcohol
Total suspended 4,47 +0DT 1,2-Dichlorobénzena
solids Mathoxychtor 2-Mathylphenol
Endrin ketone N-Hitroso-Di-Propylamine
Alpha-Chlordane Hexachloroethane
Radionuslides gmn;-lchlordane l;i:;lobenzene
oxaphene sophorone
. Aroclor-1016 2-Nitrophenol
Amaricium-241 Aroclor-1221 z,a-di:ﬂhytphmal
b scant Aroclor-1232 Benzoie Acid
amme scan Arcclor-1242 bis (-2-Chloroethoxy)
Gross. Alpha Aroclor-1248 Methana
Gross Bata Aroclor-1254 2,4=0ichlarphenct
;?3;2:::;9 Aroclor-1269 1 .gal,;n[ichtorobenzene
Naphthalene
Strontium-90 4=Chloroani Line
Tachnatium-99 Volatile Hexachlorobutadiene
Granfon Qrganio Sokathyinaminaren "
T = na atene
Compounds Hexachiorecyclopentadienc
. 2,4,6-Trichlorophenol
Matals ard Cvanide g’;lm‘w':;g::e g.gﬁi-nichlg;o?seml
Aluminum Vinyl chloride Z-Hirggﬁﬁma e
Antimony Chloroethane Dimethyl Phthalate
Arsenic Methylena chloride Acenaphthylena
Barium Acetone 3-Hitroaniline
Serytlium Carbon disutfide Acsnaphthene
Cacimium 1,1-bichloroathens 2,4-Dinitrophenol
Chromium 1,3-dichiorcethana 4-Dinitrotoluene
hexavalent 1 -2"’1:!""""’“"“ Dibenzofuran
oo st A
M otoluens
copp?;, ;:g:‘!:ichloroethane E;Et,lzvlphthalate
?}’.ﬁ 1,1, 1-Trichloromethane Ftwrg;:phenyl-phenylether
Lead Carbon tetrachloride 4L-Nitroaniline
Magnasium ;:"‘V" ?:l:::::m:hm 4,6-0ini tro-2-Nathylphenol
Manganese amod N-Nitrosodiphenylamine
Hercury 1,2-Dichloropropane-
Nickel cis-1,3-Dichloropropane
Potassium
Hotes: (1) Gamma Scan ncludes “co, ™M1, ™3, '™Eu, ™gu, ™Ry
{2) VOoCs and semi-volatiles listed in aporoximate order of elution.
HAIB42TABLESKR4VS\180

WP 5-17

4-Bromophanyl -phenylether
Hexachlorobenzene
Pentachlorophenat
Phenanthrane
Anthracane
bi-N-Butylphthalate
Fluoranthene
Pyrane
Butyibenzylphthalate
3,35/-bichlorcbenzidine
Benzo (a) Anthracene
bis (2~Ethylhexyl)
phthalate

rysene
Di-N-Qctyl Phthalate
Benzo (b) Fluoranthene
Benzo (k) Fluoranthene
Banzo {a) Pyrene
Indenc (1,2,3-cd} Pyrene
Dibenz (a,h) Anthracene
Benzo {g,h,i) Perylene
+Library Search

SHORT LIST OF CHEMICAL
PARAMETERS

General Chemical
Parameters

Ammoniia-N

Biological Oxygen Demand
Chemical Oxygen Demand
Chloride

Nitrate

pH

Sulfate

Total dissolved solids
Total arganic carbon

Radionuclides

Gross Alpha
Gross Beta
Tritium

Hetals

Arsenic

Cadmium

Chromium, hexavalent
Chromium, total

Lead

Mercury

Sodfum

Zine



DOE/RL-90-21
DRAFT A

5.2.5 Task 5 - Vadose Investigation

The purpose of the vadose zone investigation in the Phase I RI for the
100-KR-4 operable unit is to provide information on soil chemistry and physical
properties as they relate to potential impacts on ground water, e.g., recharge potential,
and to provide supporting information for the 100-KR-1, -2, and -3 source operable
unit RIs. Sampling and analysis of the vadose zone materials will be conducted in
conjunction with the monitoring well installation.

The vadose zone information will be used to evaluate: (1) the potential for
infiltration of precipitation and process water, (2) the extent of contamination in the
vadose zone emanating from historic and existing source areas, and (3) the exchange
of contaminants between soil in the vadose zone and the ground water (and the
subsequent spread of these contaminants) as a result of ground water mounding during
site operations and as a result of river level fluctuations. Because of the apparent
lateral continuity of the subsurface materials (Sections 2.2.2 and 2.2.3), 